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ABSTRACT . * 

This laboratory manual cor.^is^s of three major, 
sections,. The jfirst section aeals with Direct Current <DC) 
fundamentals, and is divided into 17 phases leading towards the 
design and analyses of a DC ammeter and a DC voltmeter. Each phase 
consists of facts^ad problems to be learned in the' phase, 
preliminary discussion, laboratory operation procedure, preparation 
test, and concluding discussion. The second section is- designed to 
familiarize the student with the joscilloscope. The third section 
deals with; Resist ive-Capacit ive (RC) transients. The purpose of this 
section Is to introduce some of the basic principles of RC networks 
and Resist ance~Induct ive (PI) networks. Directions for the use of 
students* laboratory kits are also "included, (HM) 
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VECTOR KITS ' \ 

v / 

- - / 

* /' . ■ / 

The vector breadboard ing kits (one for each pair of students) are to 

'be signed out for the Semester. Their return in good condition, and com- 

plete, will be .the responsibility of the student.^ Students will be charged 

for. damages and/or lossetfT Each kit will be stored in the tfle clonics De- 

partment Stockroom when not ija use In the laboratory/ 

- Each kit ePontair^s : 

/ 

4 aluminum side rails and fasteners* ' •' / 
1 aluminum bottom plate and screws ' / 

1 piece of phenolic vectorboard , Vouched - / 

2 bus bars 

» 

20 spring clip terminals 
Check your kit when you rec-ieye it. ,Sign Tecei/t 'indicating material 
above has been ' rece ived in goo'tf condition 
Directions for use: 

(1) Remove the two screws At one end k the bottom platen Gently pull 
j- on the short aluminum side railimd remove it. Small parts are 

stored inside. 

/ ./ * 

(2) Special cables' are provided fifor ^connecting to Wentworth Institute 



standard .laboratory instruments, These have a banana plug on one 
end, and clips that fit between the coils of the spring on the spring 
clips, ' / V • 

(3) For short connections b/tweed spring clips, use bus wire, obtainable 



from the ^stockroom. For linger connections, use spaghetti on the 
• / > / • 

* bus x^ire, or hookup wft^e./ 



WhiMi tho kit is to he stored, reverm* the- phenolic hoard bo that 
the parts, arc Inside the case. Put loose parts Inside" the" case 
and replace tne end rail. Replace the two screws on the bottom 
plate and turn the kit into the stockroom for storage. . . 

Separate from the vector -kit, eachSitude'nt will receive 71 resistors 
which will he turned in at" the end of the semester. 
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Principal Problem 
^ f Number 1 
D . C . Fundamental's 



Stfltemejit of :the Probl em : 



This principle jjjroblem Is divided into^W phases Loading 
towards the successful design and analysis of a d^-c . 
ammeter and a d-q .voltmeter. In order to complete the 



solution we must gajn experience with basic circuit analysis, 

• ' . . ... ,-\ 

el imlnary Discussion : • , • 

♦ The d-c vol tmeter and ammeter are the most 'important and 

basic instruments. Their use must be mastered by the tech- 

» 

nician. We will of necessity, apply Ohm f s law, loop and 
nodal analysis, and network theorems to complete the problem. 
Each step of the problem will be based on the successful com- 
pletion of the preceeding step. Much of the required guidance 
will be furnished in this manual at the place where it will 
' be needed. This problem in turn will be the foundation for 
the next, and so on, for the rest of the entire curriculum. 
You will need to mastter nfew measuring techniques as they 
are required, and apply what you can learn, both in the class- 
room , and the laboratory, to*this problem. The instructor 
will point out other related concepts and similar problems 
which you can solve after increasing your experience to the 
v level required, by the solution of this problem* Please write 
all your data, calculations, conclusions reasoning and obser- 
vations immediately in the notebook. Reft&in a record of all 

youj errors since we sometimes leart\ more by our errors than 

■« ■ 
our successes. r , 

■ • • •.'•:> / 
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Facts and Principles' to be learned In this problem . 

v 

The fat-ts and principles to be learned % in the princia^l 
problem will be enumerated or contained in the prelimi- 
nary discussioir of each phase* 
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Phase I 



Resistor Color Code 



Facts and principles to be learned in this problem 
0) Memorize the resistor color code 
(2) Learn how to use the C.R. Bridge 
- (3) Characteristics of resistors are classified 
by color code 

Preliminary Discussion : * * ' . 

Resistors are classified according to their resistive value 
in ohms, resistance tolerance, ahd to their f>ower rating in 
watts." Figure 1 Illustrates a physical diagram and' the 
electrical symbol for a resistor - ■ 



x x a y \ J 

Physical diagram 



Colored bands 



AA/ 

Electricdll symbol 



. Note that the resistor has four colored baiVds around the 

resistor which indicates the resistance value and the tolerance, 
The first band represents the fdrst significant figure. The 
second color represents the second significant f.igure. The 
, ■ third color represents the multiplying factor.' The fourth 
color (gold or silver) represents the tolerance. The standard 
resistor color code is listed in Table I: . 
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Table I - Resi'stor Color Code 



\ 



Color 



Significant Figure 



Multiplying Value 



Blaek 


0 


i 


.Br own 




10 1 


Red 


2 ' 


10 2 


Orange 


3 

> * 


. 10 3 


Yellow 


.. *4 




Green 
Blue 


5 * 

6 


10 5 
10 6 


Violet 


7 

* 


" 10 7 


Gray 


. / 8 


10 8 


White ■ 


9 


i6 9 


Gold 
Silver 


* 5% tolerance 

/ 

110% tolerancp . 




No Color 


±20% tolerance 




Table 1 - 


ftesistor Color Code ^ 





As an example, let us determine the resistive value and 
tolerance of the resistor shown, beJLow 



Yellow 



Violet 



1 ' Orange 

-y- — ir~+ — 1 ' 



) 



Silver 




The firstrand second bai\ds are yellow and violet respectively. 
The mu-itiplying .band is colored orange and the tolerance band 
is colored silver. Referring to Table I yields a resistance of 
47 X 10 3 m 47,000 s ohms ' » ' ~^ * 



Laboratory Operation Procedure: 

1. From color eqde determine the resistive value of . the 
71 resistors you have received-/ Hake a list in your 
notebook for this will be very useful in later work. * 
.2. Obta-in and study the type 1650A Impedance Bridge ' 
with the Condensed Operating Instructions. Measure 
the. resistance of ten different resistors on the 1650A 
Impedance Bridge and compare with the color values. 
Do these values lie within 'the tolerance indicated.. 
, 3.. Measure the same ten resi-stors with an ohmmeter and 
, compare results. 



Preparation Test : 



V 



Determine the resistive value and tolerance 1 of the following 
.resistors : 



\ 



First Band 



Broum 
Black 
Violet 



Second Band 



Green 

^Grange 

'Red 



Third Band 



Fourth Band 



- Red 

t „Green 

> 

Violet 



Gold ' 
Silver 
No Color 



Cone lading Discussion : 

\ * ■ " 

. . Now tha.t the use of the color code has been mastered* it 

" 7 

will be applied in some of the following phases. \ 



ghaae 2 Laboratory Wiring Techniques 



( 



Facts? and Principles t o lie learned In thin phaae, 

' " ^ g . ' ■ K ' , 

1. To loarn how to construct a circuit from a schematic 

... . m / 
diagram. , f* „ & J - 

Preliminary r . 

* i ) lgcus8 ,ion i : , Before any electronic problems can he -solved a basic knowledge 

r ^ . .. 

Plus a minimum level of experience must be attained .-^ Only 
after this foundation has been completed, can the student divert 
his attention from how to us.cr th/ tools of ^electronics to apttlv- 
ing these tools. *This pha&o 'is* designed so that tffe -il 
1 > gain an t elementary proficienby in constructing a cimw« 



can 



a schematic diagram and gain experience' In the connection Of 
* meters . , ^ 

Laboratory Op-era t ion 
>cedur<_ 

""•Connect eacSh of- the circuits shown* *in the schematic diagrams ;•■ 
belotf. An instructor must cheeky each set-up before you proceed 
N, with ^he nekt one- 1 « 
tfote: Do not apply power to any of tl^ese circuits. 
+ 
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Figure B 
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Figure C 
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Figure E 



Concluding 

Discussion:. v It should be concluded now that the most practical way 

to construct a circuit is to lay it out as closely as possible 
to the circuit schematic. When this is done', it is easier 
to troubleshoot and, identify different components. 
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Phase 3 



Voltage Relationship of Linear Components 



Facts and Principles to bq learned -in this phase: 
"1. Ohm 1 a law 

2* Characteristics of a Series circuit 

3, Characteristics of a paralle\ circuit. •■ *. 

' " •» ' * v 

Preliminary % « *, ' 

Discussion : Ohm's law states that the value of the currdfil; in a Jineat 

resistor is "directly ' propdf tI6hal~tb Ufa ""a^plLefl" emf a[hd 

inversely proportional to the resistance. Matfiematfcal ly 

this is expressed ds: / 

I - , / 



R 



7 



where 1 is the current in amperes, E) is the applied emf in 

volts and R is the resistance in ohms. • * 

This phase is concerned with the current - voltage relation- 

* 

ship of a linear resist'bf. If we assume that the resistance 
is constant, a plot of equation (1) results in & straight 

line which passes through tl\e origin and has a slope of on 

w R 

these coordinates. This is illustrated in -Figure 1: 




Figure* 1 - Plot of Equation 1, 



Slope 



R 



1 . \l 

: J 



/' ' / • 

This Arurve known asJ.be vo/^ampere characteristic of the 

/ / // 

rcliJbtor. » Since curve is a /straight line, the roslator is a 

/. / ' ' ' j ' • -s 

Aintfat device. - Note that <£or negative values o£ applied emf , 
J Uiej cultent reverses but/tlue characteristic curve is still 
linear. A no limine hx dpVicg, as one might suspect has a current- 

-vo^tage-chfliracterleti^ that is not. a straight line. A fion-llncar 

.'. ' j ' ' 

cjevifce will be d|sciissed in phase 4. Most active devices such 
, a^ transistors and vacuum tube** are non-linear but they do have 

' \T • - v '.' --- • - 

U' regions where their current-vqltage characterisi tics are linear. 

\ 4 * 
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Laboratory Operation VrocedV^re .: 



15v 



1. Set up the circuit in Figure 2 





r 



Figure 2 - Circuit to determine the current-voltage relation- 

ship of a resistor 
V | 

2. Vary the supply voltage from -15 volts to +15 volts In 3 volf 

steps and record the current and voltagejr readings of the IK 
ohm resistor. . 

U 

3. Pibt the current versus voltage. 

4. Determine the resistance from the slope of the curve. K 

5. Measure the value of the resistor on the G.R. bridge and 
compare with your answer in step A* ^ 



Repeat for R « 3.3 & ohm and again for R A 10 if ohiL 
plottihg the current-voltage, cljaracterist I A of each 'Vesiator 
. (The same g*raph as ^cp 3 and compart?, the \ lopes. bf\the * 



throe "curves . 



Although Che following method Is not the best vky,- tb» bfahc 
linear circuits, it 'is Very helpful in anal yzingY W^Uftbai 
circuits. This method will be" utilized in the- rAt phase 1 of 
this problem. The following is a graphical 
analysing a network-* Let us cpnsider the 



cult shown below, 



+ 



AA/y- 



E 





- ; Wv - 

f R 3 
Figure 3 ~ Simple Series Circuit 

It is desired to determine the current flowing in this cir- / 
cuit. Qnce again the analytical. method is the easiest way 
to solve far the current, buc we will solve for .this circuit 
by graphical methods. We can obtain the IV curve for the 
three resistances in series by the following method. Since, 
the re'sistors are connected in series the current will be the' 
same in each resistor. Now from the curves pf step 6 we^take 
and add voltages of the three IV curves for given values of 
currents. This should be repeated for three more currents. 
Connecting these points results in a straight line. This is 
the composite IV curve for .the three resistors in series. 



is procedure is illustrated in Figure 4 t 



/ 



/ . • 



/ 



A 



R 2 \ 



-I . 



/' 



/ 



/ 



/ 

1* • 




X 



Figure 4 - Graphical mfethod of determining composite IV 

f . 

.curve for three resistors in series. 

Once this composite IV 'curve is obtained w£ can determine 
what current will flow for a given source 

j ■ ■ 

Using the three x?esist#rs of steps 2 and 6, and a ^supply 
voltage of" 10 volts, connect them as shown in Figure 3. 
Measure ts^ie current which flows. From your composite IV 

curve of the three resistors in series, determine the current 

■ - f 

which should flow* Compare these two currents, 

I r * 

Repeat step 7 for the case wh^jhe. the three resistors are In 
parallel. Note that in t$is case, the volta'ge across each 
resistor is the. same, therefore we will have t6 add currents 
for given values of voftages in orderj to obtain the composite 
IV 'curve. 
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18 



V 



\ 



Preparation Teat : „ 

.1. Wltat is Uw^gcslstance of a piece of //18 gauge wire 

nft y fe *t long which a.llowB V \5a amperes to flow when 
connected to a 100 volt source? 

\ i t 

2. .What current wTll flow through a 39 kilohm resistor when * 
. • ' • • » .V 

connected. to a 117 volt source? * 

Which of the f ollowing^co^dinates do not fall on the volt- 
ampere characteristic of a 1500 U resistor? 
" a)" 225 voits*fe*i50 ma b) 150 volts @ 100 ma 



c) 15 volts @ 1.5 ma •* • d) 200 volts @ 133 ma. * ■ 



"With the resistance held constant., as the voltage increases, 
tlie current " » ' - ' 



5. As the resistance increases, tlie slope, of the volt-ampere 



curve 



6. Four out of five resistor's connected in'series are as follows 
. 100. ohm, 680 ohm, 4.70 ohm, and 1000 ohm. Find the remaining 
resistor if the' -total voltage across all five resistors is 
200 volts with 65.2 ma flowing through them. 



/ 
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CQiu:lu<Unft Discussion: t 

In this phase, we have solv%d a simple series ami a simple 
\ parallel network using graphical techniques. -In some of the 
following phases,, we will solve^ore complex circuits with 
the use of- some -theorems and applying systematic treatments. 



Ph£ge_A N Current-Voltage Relationship of a Nonlinear Device ' 

V- - . ' 

Facta and Principle s to be learned In this phase' , 

1. To -Qbtaln- IV characteristics of 'a nonlinear device. 

■ 4 2. Use, of the IV characteristic curve 

• ' . / * ' ' 

3. Graphical solutions of nonlinear circuits 



Preliminary Discussion* * \ 

Figure 1 illustrates the IV characteristic, of a nonlinear 

device, the PN jt^t ion diode. ' : 

f (ma) ^ 

6 

5 



3 
2 




r d„, 



AV 
AI 



V (volts) 



.1 .2 .3 .4 .5 .6 

Figure 1 - IV Curve of PN junction diode. 

One way of def rning. a very useful "resistance" i 8> the ratio 

of a small vbltage change to the corresponding change in current. 

This useful parameter is called the incremental resistance This 

is illustrated in. Figure!. Note that this resistance, (r,) 

d 

changes at different points along the curve. 



-19- 



Laboratory Operation "Procedure ; 



1 



1. Construct th(f"circuit of Figure 2 

-AAA/ + Q : ~ — 



5v - 




1N1693 





Figure 2 - Circuit us<£d to obtain data to plot IV etirve 
of diode ' s y ' 

'2. The resistor R is used to limit the current through the 
diode since excessive current may destroy the diode. 

„. A'ary the power supply form 0 to 4-5 vojts ahd obtaip cor- 

• ■ ( " - . / 4 

responding readings of diode current and diode voltage. 

* ■ h 

* ■ ' -v 

3. Plot diode current versus diode voltage. This results- 
in the IV characteristic* of the PN junction diode. We 
should note that the PN junction diode is a temperature, 
dependent device and applying a voltage across it as in 
Figure 2v will heat the diode. The increase in temperature 
will change- the diode's characteristics. Later we, will 
show how to avoid this heating effect by obtaining the IV 
characteristic with jsweep -techniques. 

4, As an .application in the use of the diode IV curve, let us 
consider the circuit of Figure 3, 

- ■• AA/V — t— 



1 



1 ^ \/ . IN 1,693- 



AS 



' Figure 3 



9 • * * 

Since the resistance of the diode is a variable quantity 
it is not easy to P^cgdict by analytical methods the current 
1, which flows in the circuit of figure 3. It i£ possible 
to predict the value of current by graphical methods. There 
are two general graphical solutions. ► These are: 
lp Composite IV - curve 

2. Load - line method ^ 
The first method is as follows: 

^ First it Is required that we have the IV characteristic of ' 
the diode. We then plot tjie IV characteristic of tl\e reaifc- 

• ^tor on the same plot. Since this is a series circuit and 
the current is common tp both components, we add the voltage 
of the resistor to the voltage of the diode for given values 
of current* This results in a composite IV curve which 
represents the resistor in series with the <diode. This. is 
illustrated in Figure 4. 



Diode 



Resistor 




> / Composite 




' V 



Figure* 4 - Illustration of how" to .obtain 

Composite Curve of a Resistor In Series with 

« 

A Diode 

-21- 24 



If the value* of E is Riven, we can obtain the circuit 'current 
by projecting up to the composite curva and reading the current. 
Note that we can also pick off the voltage drop across the re- 
sistor $\\d across the diode. 



For the circuit of Fig 



ure 5^ 



determine the composite IV curve 



of the resistor and diode. Use the IV curve from step 3 

lOOfl £ 

— A s y\y\^ r — ~ 



tit 




V 



1N1693 



Figure 5, 

For the given supply volta&e, determine graphically the current 
which will flow. Construct the circuit of Figures and measure 
the current, the voltage drop across the 100 ohm resistor and the 
voltage drop across the diode. Compare your results with the s 
graphical approach methods, ' . 

The second graphical procedure, the load - line method, is much 

* • * * 

faster since we do not have to determine a composite IV curve, 

•* j 

The procedure is as follows: 

- ' * ^* 

It is desired as before to determine the current* and voltage 

. * 

drops of Figure 5* Writing Kirchoff f s voltage equ^ticpi results 

in, ; , V - E ~ IR / * (1) 

where V is the drop across the diode. Solving for I in equation 
(1) and plotting this on a set' of IV coordinates results in a 
straight line. Therefore only two points are required in equation 

a). 



One point can be determined be setting; I equal, to zero in 
equation (1). This results in V - E. Another po.lot on 
the straight line' la obtained by- setting V to zero. This." 
•results in* I »* fl/R J •„ • 

Summarizing, * < • 

,* I ■ 0, V ■ E ' • • ; • * 

. , 1 - E/R\ V » 0 • '* • . 

* * 

Once these two points »re located on the coordinates, they 
can *be connected with a straight line. A 



Plott ing this eguatlon on the I\f curve of th{? diode * results'* 

in a straight line which intersects with the diod£ curve, 

• • - « - •« 

*•<■•■. «• 

The straight line is commonly referred to as the load line. 

\ " *. t - . * • ^ . « 

The point of intersection is known as the Q point or operat- 
in 8 f P°ifrtVlj|^ diode current (circuit current^ 



■ ■ v. - 

eend the diod<$ "vo 




-E, 
R 



Figure 6 illustrates the above procedure 



~ Diode curve 




Load line 



Diode Voltage 



1 • \ 



V 



Figure 6 - Illustration of Load-litfe. 



Construct the load .line for Figure 5 on the IV curve of the 
diode* determine the diode current and voltage drops ^and 

# • v ' » 

. compare with the measured valu-es. 



Preparation Test : . 

Use diode characteristic curve on page 28 to solve the 

9 

following problems. / 
_1) Find I and the voltage dcops across each component in the 

^ following circuitJ 

* ' ' 25W 

VA ' 



At 



2v 



I 




D 



—-•-AAV — — 

100U 

2) What value of R will allow 10 ma to flow in the following 
circuit? r, 



1.5v 




R 



\ 



\ 



\ 



Homework Exercises : 

Draw the composite curves Tor the following circuits. Show Work 



' (1) O- 



V 



*>1 



D2 



I A 




^3* 



(2) O 



< / 



R 



Vd 



D . R 



2v 




V 



For the following problems, use. the curve on page 28 
3) Calculate the total resistance of the circuit at a 
power supply voltage of 2 volts, after finding the 

composite curve. 

D 



lOOfi 



28 



Solve the following circuits for current, voltage across 
the diode, and voltage across the resistor by the composite 
curve method and the load line method. 
Compare the results: 



(4) 



lv 



D 



50J2 



(5) 



2v 



200f2 



er|c 
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Cone lud W Ulscyssion 




In later work, a graphical approach as well as an" analytical 
% approach will be used to solve ^transistor circuits, 

\ 



4 
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Phase 5 



Series Circuits 
I 



Facts and .principles to be learned in this phase. 

1. The current is the 'same through any component in a series circuit . 
2* In a series circuit the sum of the voltage drops is equal to the 
applied voltage, 

3. The total resistance in a series circuit is equal to the sum of all 



f 



the resistors. 



Preliminary Discussion 

A series circuit is defined as one in which the current is the same at 
any point in the circuit. Let us consider the series circ^t illustrated 
in Figure 1: 



Rl 

v*AA 



R 2 

vAAA — 



R3 

\AAA - 



v 2 — v 3 



Figure 1 - Series Circuit 
The voltage drop across each resistor can be computed from Ohm's law as 

% Vi -"IR1 m . (10 

*• V 2 ■ IR2 " (2) 

* * , - ' . ■ - • 

V3 - IR3 • ' (3) 

••* 

The sum of these three voltage drops must equal the. applied voltage E. 
Therefore 

E m vi + V2 + V3 '•" • . (A) 

Substituting equations (.1), 00, and (3) into (4) yields,- 

E * IRx + IR2* + IR3 



( 



?v- 3? 



■v 



^Factoring 

E « I (Ri + R2 + R3) 
Dividing both sides of equation (5) by I yields 

E 



(5) 



I 



- Rl + R2 + R3 



This ratic, (the applied voltage divided by the current) is the equivalent 

resistance which the source sees. Therefore the total resistance which is 
K 

seen by the source is Ri + R2 + R3. 

«» 

In general, for N resistors In series the total resistance Rr, is 

R T ,« Ri + R 2 + R3 + ... Rn (6) 

f 



Laboratory Operation Procedure : 

1. Measure, on an ohmmeter and on a G. R. Impedance Bridge, the values 
of the three following resistors; 56 ohm, 120 ohm, and 330 ohm. 

ft 

2. Connect the three resistors in series, as shown in Figure 2, and 
with ,an ohmmeter and G; R. Bridge measure the resistance between 
points A and B. . 



56fi 
vW 



120fl 



3#>tt 

VW - 



A ' \ ' * B 

Figure 2 - Three Resistors Connected in Series . <" 

To 'the circuit of Figure 2, apply 10 volts between points A^and B 
and measure the current which flows. Also measure Vi, V2 and V3. 
Does E - Vi + V2 + V3? 



Vl 



56U 



lOv 



I 



V2 : s 



1 



330ft 



B 



Figure 3 - Voltmeter - Ammeter Method of Obtaining Resistance 

Take .he ,«,„ of «> applied voltage to the current flavin* f 

This gives the total resistance offered by this circuit.' S 

4. Calculate the total resistance in the circuit of Figure 3 using 
equation (6) • 

5. Compare the resistance of .the series circuit obtained by the Ohmmet;ef, 
the Bridge, the Ammeter - Voltmeter method and the calculated value 



ERIC 



-si- 34 



•0 



vv 



Phape 



Series Circuit 



Preparation Test 



1. What voltage must b^apfJ^|i^vt^. the following circuit for the 
resistive network to draw 6.25 ma from the battery? 



IK 



I 
i 

.1.... 



&00 n 



6.25 ma 



0- 



2. 



Determine the value of R x for the conditions of the following 
circuit. 



30v 



2,2K 

nAAA — 



1 • 83 ma 



4 
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/ 

If /3 of the applied voltage la dropped across Rl and the remaining 
voltage i'a dropped across R2. 

a) Express E in terms of I, R lf and R 2 . 

b) Express R 2 In terms of E and 1 . * 



H 5 



E 



< R 2 

< <a» 



Express the voltage across each resistor In terms of E, Rf, and R 2 . 



r 
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Series Circuit 



Homework Exercises 



Determine Rx, R2, R3 in the circuit shown below, if the following 
conditions exlfsf: I? ffi Vi « -25 volts, V2 • 60 volts, 

V3 «. 15 volts. . » 



lOOv 



150 ma 



M .... 
vi • 



v 3 



\AAA-- 



> 



V2 



R2 



2. Wnat is the value of R2 in the following circuit? 



3.3K 



R2 



R3 

"-VW— 

680fl 



\ 



ISOv 



1 



25 ma v 



3, 'Complete the following table for the circuit shown below. 



■ Vv 



Rl 

R 2 

Ra 



R 



V 

15v 



20on 



/ 



35v 



50 ma 



lOOy 



Rl 

W\A- 



R2 



R 3 



A 



i 
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Concluding Pis cuss ion: ' 

\ 

In a series circuit the voltage drop across a given £esistor is directly 
proportional to that resistance. Although series' circuits are seldom 

encountered in practice, it is essential .that the technician learn about it 

i 

before proceeding to more complex circuits. ' 




Phase 6 



Parallel Circuity 



Facts and principles to. be ^earned in this phase s 

•s. 

1. In a parallel circuit, the voltage across each component is the same. 
.2. The sum of the branch currents is equal to the total current entering" 
the parallel network. y 

3 - The total resistance gfferud by a parallel network is given by -- 

v 

Rt - 1 

forn branches; 

/ . 

Preliminary Discussion: - 



JL + i. + U + 
Rl ,R2 R3 



XJ 
Rn , 



A parallel circuit is defined as one in which the "voltage is common to 
all the .branches in the circuit. Let us. consider the simple parallel 
circuit of Figure 1. 



I T 



E 



If 

.... I ... 



R 3 > " 



Figure 1 - Parallel Circuit 
Since the voltage is the same across each resistor, the branch 'currents are 



Rl 



(1) 



The total current (I T ), provided by the battery is equal to the sum of 
the three branch currents: This' is expressed as, 

IT « II + 12 + 13 ' " ,<4) 
Substituting equations (2), and (3) into (4) yields equation (5). 

(5) 



Factoring 



Rl R2 R3 



Rl R2 R 3 



Solving for 7- yields 
*T 

/ 

^ It 1 



(6) 



r 



Rl R2 R3 



(7) 



Thus the total opposition (resistance) offered by this parallel circuit is, 



Rl R2 R 3 



(8) 



or putting equation <8>-fhto the form below, 



f 



Rt Rl R 2 R3 



(9) 




Baboratory Operation Procedure : 



IP] 



1. Use the same three resistors as Tk Phase 5 and connect them in 
parallel. ' + 

V ' 

2. Determine the resistance by the four methods that we^sed in Phase 5 
&nd compare. , "» * 

3. Construct the circuit of Figure 2 and. measure the biranch current and 

* ' * 

total current. Does *It a Ii + 12 + t-\1 
IT • 



2v 



I 

I 



56$ n 

v 

J. 



U 

Figure 2 
-38- 
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I 
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Parallel Circ uits 



Preparation test: 



1. What Is the total resistance seen by the battery In the following 
circuit? 



— — *J* 



. 100ft | s 220S1 



< 330fl 



: r 



2. What current is delivered by the battery in the following circuit? 

" J 



150v 



<^ 2 # 2K 



S 5.6K 



8.2K 



/ 



42' 
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J 

3. What is the current In each branch of the following circuit? 



9 ma 



f- 



5f2 



10U 



« 

4. a) Express the current through Ri in terms of I T , -Rl, and R2 
b) Express R 2 in terms of I 1} l 2 , and Ri. 



/ - 



I 



i R2 



I 



9 
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Phase 6 



Parallel Circuits 



Homework Exeercisea 




1. What current is delivered by the hattery In the following circuit? 



lOOv 



( 



> 25042 



> IK 



2K 



to 



( 



2. What is the value of R2 in the following circuit? 
500 ma * 



250v' 



50 may ^ 

v. 



Ri Q 



?R2 



4t ■ 



\ R3 
s 1250S1 



9 

ERLC 



3. Complete the following table for the circuit shown below. 



Hi 

*2 
R 3 



5K 



200v 



I 

30 ma 



15 ma 



r 



200v 




/ 



ERIC 
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Concluding Discus a ion : 



It should be concluded that the total current in a parallel circuit 
is equal to the sum of the individual .branch currrentB. 




Phase 7 Power 

" N V ' *" 

Facts and principles to be learned in this phase 

1. Concept o£ power 

2. Power developed in a component is equal to the product of current 
v and voltage. 

3. Pow^r dissipated by a N device is actually the transformation of 
"elects 1 

Preliminary Discussion : 

« 

One of the most important quantities which one is concerned with is 
the power th<k a component or device is able to dissipate- Thus it is^vit^l 
that an engineering technician be able to make power measurements and 
calculations • 

Discussion: t ' 

Energy is the ability to dp work. The basic unit for ^energy in the 
m.S system is the'joule; Power, having the watt as its basic unit, is the 
rate of doing work. One watt of power is' developed when energy is expended 
at the rate of 1 joule per second. The power developed in a resistive circuit 

» 

is given by the expression, 

P - E x I (1) . 

To prove that power has the watt for its unit, let us perform dimensional 
analysis on equation (1). 



\ 



Since the. basic definitions of the volt and the ampere are, 



xr^vt » joule coulomb 

Vort ra Ampere ■ - — • r- 

. coulomb r second 



then 



P • E x 1 ■ ^ oule x ^iiioffib m Joule 
coulomb second sec, 

I 

and from the above, a joule per second is .a watt. 

In general, the power developed in a resistor is given by equation (1). 

P - E x I (1) 
and since from ohm's law 

E - IR 

then it follows that 

P » IRx I - I 2 R (2) a 

and also , 

' P- E x f - • • ~(3) 

Therefore we'have three expressions for the power dissipated in a resistor. 

i \ - 

The power dissipated by a resistor or a device is actually the transformation 
of electrical energy into heat energy* As power is dissipated In a component 
or a device, tjeat is given off to the surrounding air. If the component 
or device develops heat more rapidly than it can give it off, the temperatuj^ 
of the component or device will rise to a value duch that a balance is 
achieved If the temperature is at too high a value, the component or device 
may be destroyed or its characteristics may be changed. It therefor^ seems 

„ . V 

logical that the physical size of the component or device h$s a lot Mo do 
with its power rating, and in general, the greater Its physical size the 
greater will be its power rating. 

V 

- < r- r 



Laboratory Operation Procedure c 



In 



lOOv 



10K 



I 



4.7K 



22K 



A.7K. 



1. 

2. 

3. 
A. 
5. 

6. 

7. 
8. 



Figure 1 

Obtain and measure the Value of the four resistors indicated in 
Figure 1. ' 

Using these values calculate current through and voltage across 
each resistor. ' 

Calculate the power dissipated In each resistor, and the total power 
Set up the circuit in Figure 1. 

Measure and record the voltage drops across each resistor using 
one voltmeter. 

Measure and record the current flowing through each resistor using 
one ammeter. 

Measure line voltage and line current. 

Calculate power developed in each resistor and the total power 
supplied . 



9. Compare the theoretical with the actual results. 



Power 



_P_rftP.ftt.St fop Toil: • . 

1. What volta&e must be connected to a 470ft resistor so that 
1.2 watts are dissipated? 



2. What current flows through and 820 ohm resistor which dissipates 
1 watt of power? 



3. What must the power rating be of a 12 kilohm resistor connected 



across a 50 volt source? 



» • 



4, WhatNLs. the power dissipated by each resistor in the following 
circuit? 



150v 



3.3K 

vA/V ^ 

Rl 



R 3<| 



% 56K 



39K 

VNAA- 

R2 



D > 6.8K 



ERLC 



50 
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5. 



What. is the maximum voltage that can be applied to the following 
circuit, so that none of the power ratings are exceeded? 



. fty.. .-Tr -.n . — 



t 



2.2K @ lOw 

\AAA— • 



10K @ 2w 



£ 6,8K 5w 



er|c 



51 
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Homewgrjk Exce'ycigea ; 



Calculate the voltage across, current through, and pQwer dissipated 
by each resistor in the following circuits. x 



lOOv 



1.2K 



R3. 

■vw v 

3.3K 



R2 560« 



2. 



250v 



12K 

V\AA - 



10K 



n 5.6K 



*3 "i 



5.6K 



R4 



J 5.6K 
*5 







3. Complete the following, table for the circuit shown below 

1 vV 

is the battery voltage? 



What 



Ri 

R2 
R3 

: RA 



R 
22K 

3.3K 



T 


p 




7.5ma 






* 




•• 


_2*5ioa 




< 




2.5w" 


• 



E « 



Rl 

-WsA- 



5 R3 



R4 




Concluding Discussion : 

Later, when one is designing an amplifier, w£ will see that power 

calculations will ha^e to be made so that the transistor is not damaged 
or destroyed. - * 



• i 
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phage^S . -Maximum Powder Transfer 



Facts and principles to be learned in this phase 



1. Internal resistance of power supply must be considered in any 
calculations. 

2. Maximum power transfer occurs when load is matched to internal 
resistance of power sA^pply. 

3. Two laboratory procedures for determining Internal resistance. 

Preliminary Discussion ;! ' 

Every practical generator has an internal resistance. 'As current is 
drawn from the generator the terminal- voltage of the^generator drops due 
to the drop across the internal resistance. In addition to causing the 
terminal 'voltage to drop as current is drawn from the source, the internal 
resistance places an upper limit on the 'current which the generator can .' 
deliver and therefore there is a limit to the power which a generator can 
deliver. This phase is concerne^t^th £he Principle of Maximum Power 
Transfer. 



9 



Discussion : 

— . . . .... *•* 

- . i • . t 

" • " © -V* ; :. 

An equivaleat^circuit for a practical generator cbn$$s^ of. an ideal 
source in series with a 'resistance (R x ) « An ide^l sdurce a Source capable 
of developing a constant voltage at any querent. The resistance R x hr the 
internal resistance of the source. A schematic for this^qut^aient ...circuit 




i8 shown in Figure !• 



Ideal 
Source 



Generator 
Terminals 



-o 



Figure 1 - Equivalent Circuit for a Practical Generator 
In order to determine the effect of connecting different load resist 
to a practical generator, let us consider Figure 2. 



— \AAA- 



-o- 



Figure 2 

Let' us determine the power delivered to the load Rj,. 

PL - lL 2 RL 

but . _ & 

T E 



(1) 



hence 



E2R L 



(2) 



Pl 83 <R L + R x ) 2 

We will now proceed to determine the value of R L which #rill dissipate the 
largest amount of power. 

To normalize equation (2), divide numerator and denominator by R x . 
This results in equation (3) 




3*** 



Pt - 



E2 



5k 

Rk 
T5T 



(3) 



( 1+ S) 2 f 

t 

Table I contains data which was calculated using equation (3) 



, x 0 
PL 0 



\3' 5 2 '° 2 - 5 3.0 ' 3.5 

222E2 .25E2 .24E 2 0.222E 2 0.204E 2 0.1875E 2 .173E 2 



4.0 
.16E 2 . 



RL/, 



Table I - Valtfes of Pl for Various Values of "~'R X 
Plotting the information in Table I results in the curve shown in Figure 3. 



PL 
0.25E 2 



r 




1.0 



•x 



Rl/, 



"Figure 3 - plot of P^ versus "^'Rx 
From Figure 3, we see that maximum' power is , delivered to the load, when 
RL 



R 



x 



» 1, or when Rl » R x . Therefore in "general when Rx is fixed at some value, 



maximum power will be transferred to a load when we choose a load equal to 
the internal resistance of the generator. When this is done, the terminal 
voltage of the generator becomes one-half of its open circuit voltage^ and 
the ^ load current becomes one-half of the short circuit current.' 

Having established this, we can also use this procedure to determine 
the internal resistance of a given source. 



-54- 
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Laboratory Operation Procedure: 

The internal -resiatancc of the Wentworth Power Supply will be determined 
by two methods . 

Method 1; ' 

Set the power supply at 100 volts, (open circuit). Attach a potentiometer 
across the P.S. and vary it.until one-half, (50 volts), appears across the 
potentiometer. Disconnect and measure the resistance of the potentiometer. 
This is the value of R x . 
Method '2 : 

Set the Wentworth p.s. at 100 volts with no load (Infinite Rl) . Using * 
the circuit of Figure 2, vary Rl in reasonable steps and record the voltage 
across the load and current through the load. Insure that R L has a 
sufficient wattage rating. Repeat for the Power Supply set at 200 a £gtd 300 
volts (na-load). Plot the-load voltage versus load current on graph paper. 
This will result in a family of curves similar to the ones shown in Figure 4, 



o 

> 



9 

o 
> 



o 
■J 



400 - 
300 

200 

100 



0 



-X (2.5yj30_ma) 



+ 



10 



4 



50 



20 30 . 40 

. Load Current (ma) 
Figure 4 - Plot of Load Voltage versus' Load Current 
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They*ttternal resistance of the power supply can be determined from these 
curved in the following manner. Suppose we' wish to determine the Internal 
resistance of the power supply at 95v and 30ma. With no load the voltage 
is 100 volte. When the load is drawing 30ma, the voltage has dropped to 
95 volts. Therefore the drop across the* internal resistance ia 5 volts and 
the internal resistance has a value of 5 volts divided by 30ma or, 

% s ojb ra 167 °h 8 - ? 

We see that R x can be determined by taking the elope of the VI curve, 

Using the 100 volt curve, obtain the internal resistance at approximately 
* 75ma by taking the slope of the curve. 
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Phase 8 



Maximum Power Transfer 



Preparation Test 

1. If the Internal resistance of a 250 volt (open circuit) power supply 
is 300 ohms, what is the voltage across a 10 kijohm load when 

v 

connected across is? 



2. If a power supply has a terminal voltage of 24 volts wften a 50 ohm 
load is connected across it, what is the internal resistance and 
open circuit voltage of the power supply if the terminal voltage 
is 2 3 volts with a 25S2 load connected across it? 



For the following circuit, determine the xnput power, the output 

power* the efficiency, and the load resistance to give maximum 

■ - * * 

power transfer, « * 



Ah 



I 

Ill0v-:r: 



-w — 
500S2 



5K 



^ 10K 



... J', 



I I 



10K 



1 I 

•<>---•; (/V\A~ 

1 ^ 

i i 8K 
1 i 



> 4K 



4K 



Load 



Power Supply 
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Maximum Power Transfer 



Homework Exercises: 



A battery has a terminal voltage of 100 volts when a 2 arap current 
is dravm from it. When the load is decreased so that v a three amp 
current flows, the terminal voltage is 98 volts. What is the internal 
resistance of the battery? 



2. What value of R x> in the^ following circuit will give maximum 
power transfer? 



lOOv 



■ — 1 1 • " — — 

I 

, i 


f 


N. V v 

Rx 


\AAA — n 




ioos2 | 










L " : 

r 1 
i 


» 

1 
1 

i 


< 


j i2on ^ 


> 390«<. 5 
i 



120q 



Power Supply 



Load 



4 




ConcXu^dtn£ discussion; 



The maximum power theorem will be very valuable'in the design of 
power amplifiers. We will now proceed to solve more complex circuits 

v ■ - * 

with the use. of loop and nodal equations. 



J 



- phA 3?..l Loop and Nodal, Analysis 

Facts and principles to be learned in this phase. 

1. Electrical circuits can readily be analyzed by either loop analysis 
or nodal analysis • ^ 

2. Any circuit may be analyzed by either method, but one or the other 
may save work for a given network • 



Prelim inary Discussion : 

Passive electrical circuits are made up of resistors, inductors, and 
capacitors connected in some fashion and excited by sources of energy. In 
analyzing an electric circuit, it is usually necessary to determine the 
branch currents and branch voltages when the sources and component values 
are known. Electrical circuits can readily be" analyzed by either of two 
systematic treatments; 

A. loop analysis 

B. nodal an alysis 

Any given circuit may be analyzed by either method, but one or the other may 
save work for a given network. 

Both of these methods will be applied in this problem. 

In order to solve a network, we must in general satisfy Kirchhoff 's 
oltage Laws, Kirchhoff s Current Laws, and the current-voltage relation of 
each component. , > 

The two Kirchhoff 's laws are stated as follows: 



-60"* 



A. Kirchhoff's Voltage Law - The algebraic sua of vol%ges around any 
^ closed looj^ of a circuit, is zero. 

B. Kirchhoff's Current Law - The algebraic sum of current flowing in^o 
any node of ja circuit is zero. 

1 

•Aii an example, let us consider the simple circuit in Figure 1. ' 



II 



Jil 



+ 



Vl 

Rl " 



A 

o- 



I 



+ V2 - <- 12 

V\AA 



«2 




V 3 « 



R3 



-E 2 



A 



Figure 1 - Simple Circuit to be Analyzed 
by the Loop and Nodal Methods e 
In the diagram we have defined six variables, a voltage and current for each 
^ resistor. Thus we need six independent equations In order to solve for 
these variables. ' a 

As stated earlier, we must in general satisfy Kirchhoff's Voltage Law, 
Kirchhoff's Current Law, and component relations. By inspection the two 
, KVL equations are; 

H, m v l + v 3 
E2 ■ V 2 + V3 

*<Note that applying KVL around the outer loop yields, 
\ H " E 2 - Vi - V2 

This does not give any padded information since this equation can be obtained 
■^Lby subtracting equation 2 from equation 1. 
^£ Now applying KCL at node A yields, ...... . _ - - 

II + 12 88 h (3) 



(1 



(1) 
(2) 
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Alae not© that applying KCL at the 

a different equation. 

The three component relations are; 

Vl - IlRl 
V2 - 12^2 



other node, (ground node), does not yield 



V- 



I3R3 



(A) 
(5) 
(6) 



We now have six equations with six unknowns. Solving these six equations 
simultaneously will solve the circuit. We can save ourselves a lot of work 
if we. define -the variables in a somewhat different ijr ay that above. Let us 
first tonsider solving the above network by the loop analysis method. 
Instead of defining six unknowns, let us define two loop currents as shown 
in Figure 2. . 

"» A 

\>\AA 



R2 

•VWA- 



:.R 3 



*2 



v 



E< 



t • 

Figure 2 - Circuit of Figure 1 With Assigned Loop Currents , 
These^loop currents automatically satisfy KCL equations. This Is readily 
seen by summing the currents flowing into node A, 

II- I 2 + 12 - II - 0 

... * . 

thute KCL is satisfied. 

Now we need only write f^lt around both loops resulting in equations 
7 and 8. / 

E X - IxRx + I X R 3 - I 2 R3 (7) 
-E2 - -I1R3 + I2R3 + I2R2 (8) 

Where we have introduced the component relations directly into KVL equations 

as we went along. 



Combining like terms in equations 7 and 8 results in, 

% 

El - II (Ri + R3) - I2R3 (9) 

« 

-E 2 - -IJR3 + I 2 (R 2 + R3) . (10) 
Now solving equations 9 and 10 simultaneously yields Ij and I 2 . Using the 
components relations, we can find the voltage 'drop across each resistor. 
Note that we arbitrarily assumed the direction of and i 2 . A negative 
il or 1 2 simply means that we were wrong in our assumption and the current 
is actually flowing in Sie opposite- direction to that assumed. 
The nodal analysis for this circuit is as follows: 

* 

First we define a datum (reference) node and define each unknown no^de 
voltage with respect to the datum node. These voltages will automatically, 
satisfy KVL. This can easily be seen from our example: 



ERIC 



vb 



El 



VW 

Ri 



— vVNA — 

R 2 



R3 



E 2 \ 



Datum 

Figure 3 - Circuit of Figure 1 to be Analyzed by Nodal Analysis 

V A ~ (VA ~ Vb) + V B - 0 
We now need only write KCL equation at each node, in terms of component 
equations using the voltage variables already defined. This method 
results in only one equation (11). 



, ^ - El Vg - E 2 

+ + ~r — - « 0 

Ri R 2 



(11) 



After this equation is solved for 'the one unknown (V B ) , we can then use 
the component relations to solve the rest of the network. Note that for 
this particular ^circuit, the nodal method gave the easier solution since ve 
had to only solve one equation. This is not always so. And as an\ example 
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let us consider the circuit in Figure A, We wilI*tolW. £^f*£h* <*yr*"e4j: 
in the 60 ohm res istor by both methods. 



100v 



. ' AO 




,60 



80 

vVNA — - 

150v 



\ 



II 



/ 



Figure A - Circuit to be Solved by Loop Analysis 
We have defined two loop currents 1^ and 1 2 as shown ♦ The currents are 
defined in this manner so that we need only solve for 1 1 in order to 
obtain the current through the sixty ohm resistor* r 
Traqing around both loops, we obtain $he following two equations! 

100 » Ii (40) f -ii (60) + 12 (AO) »(12) 

100 - 150 » Ij (AO) + I 2 (AO) + I2 (80) (13) 

Combining like terms, 

100.** Ii (100) + 12 (AO) 
-50 - Ii (AO) + 12 (120)" 
Solving- these t^o equations simultaneously for* Ii results in 

1% 83 1.3A8 amps. * <&■ L 

« f 

at 

We will now solve. for the current through the 60 ohm resistoj be nodal 
analysis. Summing the currents at»node A results in, 



.(14)' 
(15) 



VA ~ 100 VA VA ~ 150 
AO * & 60 80 



Solving for results in 

V A « v 80.9 volts 
The current through the 60 ohm resistor is then 



0 



(16) 



m ft . Qiff , » 1,348 amps. 



•60 



60 



r 
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Laboratory Operation Erocodurc; 



Far the following circuits, 

1. Solve for the currents and voltages designatedU>y 

(a) loop analysis and 

(b) ^ nodal analysis, 

¥ 2. Determine the' value of /the resistors on the G.^R. bridge. 

3. Set up each circuit and measure the currents and voltages of 
each resistor . 

4. Compare the theoretical results with the experimental result* 
Ipnd determine the % error r 



25v 



2.2K R x 



2.7K 



3.9K 
R 5 



IK 



3.3K 

R3 



4.7K 

- -AAA 

R6 



20v 



5 2.2K 
Rl 



25v 



? 6.8K 



S 



1. 



fe 4 



IK 

— v/\AA — 



R3 



I - 



9K 
R2 



j 



5.6K 
R5 
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Phaae 9 



Loop and Nodal Anal ysis 



Preparation Test: 



1. Make the ftecessary corrections in the loop equations for the following 
circuit . 



Rl 

vV\A 



El -± 



E 2 



N -> 



1 



■ j R" 3 



\ ?R7 



1 4 

u .1 

R8 



R 2 

\ AAA- - 



( lo 1 



E5 



R4 

vW 



\AAA- 





ft 




[■ <• - 

• R 5 - 



4 ' 

1 3 

^ E 6 



J 



-Ei -E3 - 1^ (Rl + R3) + 12 R3 V 
E5 - ~Il (R3) + 12 (R2 + R3 + R4) -13 (R5) -I5 (R4) 
E6 - -12 (R5).+ I 3 (R 5 + R6) -15 W 
E 2 +*E 3 -E 4 « I 4 <R 7 4 R 8 ) ~I 5 (R 7 ) 

E4 > E5 + E6 - -12 (R4) + I4 (R7) + 15 (R4 + R7 + R9) 



V 



1 
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2. Make the necessary corrections in the nodal ^uatiorta for thS 

? 

following circuit . 

/ 



r 



Ei 



A R 4 B R6 ' C 

V - \AAA-- ~ ■- f. vvv^ 



R 3 J . 



E2 



*, R 5 



S»7 



> R 8 



E4 



* V A -El VA ~E2 Va -Vb • 

Rl + R 2 R3 + Hr4~ " 0 



IB -V A ^ VB -E3 V B + V c 

— -~ + — r - + — ^ s 0 

R 4 R5 ■■ " Re 



V B "Vc + y c -E4 Vc 
R 6 R? R8 



0 



4 .. •> * 
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Phase 9 



Loop and Nodal Analysis 



Homework Exercises : 

For the following circuits, solve for the current through and the 
voltage across each resistor by: 

A. loop analysis 

B. nodal analysis. 



1. 



25v 



12K 

— vVNA 



5.6K 

\\A- • 



: 8.2K 



4.7K 



15v 



2.2K 



lOv 



j 



2. 



25v 



27K 



18K 

\A/V V - 



10K 

-\ NAA — • 



50v 



IK 



lOv 



12K 

\AAA — 

, 22K 

v W - 



8.2K 

\AAA • 



$ 6.8K 
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P hase 9 , Loop and Nodal Analysis 

* ConcLMriinfl Discussion : v 

■» * 

The two systematic treatments for solving electrical networks, namely 

loop analysis and nodal analysis are very valuable when analyzing complex 

circuits. % - 

♦ 

In s6me of the later phases we will introduce some theorems, such as 
Norton's, and Thcvunin's. These theorems are qIso useful foV: analyzing 
complex circuits. 



\ 



1 



i 
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Phgae 10 



Thevenin* 8 .Theorem 



Facts and principles tc> be learned in this phase. 



I. Application of Thevenin's Theorem. 



Preliminary Discussions 



In many cases, a network can be analyzed more easily by applying some 
network theorems, These theorems are general statements some of which are 
applicable to all possible networks and "others are restricted to networks 
of a limited class. Thevenin T s, Norton is, and the Superposition theorems 
will be discussed and applied in this problem. They will be given without 
proof, This theorem states that a network which feeds a load Rl beeves, 
as far as the load is concerned, as a single voltage source in series^ith 
a single resistor. Consider* the network illustrated in Figure 1, The 
network in the box can be simplified by Thevenin f s Theorem to a voltage 
source (Eth) in series with a resistance (RTH) . <r y * 



o 



' Network contain- 
! ing Sources ax*& 
\ Resistors 



s 



Rt 



R XH 



E 



TH 



A General Network 



Thevenin Equivalent 



Figure 1 - General Network Simplified by Thevenin 's Theorem 



The Thevenin equivalent source. (ExH) is obtained by • determining the open 



circuit voltage at the terminals of the original network. The Thevenin 
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equivalent resistance (R^tf) is obtained by determining the resistance looking 
back Into the network with all the sources set to zero. As an, example , 
suppose we consider the network shown in Figure 2, It is desired to 
determine the current in the 4 ol\m resistor. This calculation can be 
simplified by- reducing the circuit to the left of points A - B to its 
Thevenln equivalent, i.e. a single ideal source and a 'single resistance. 



Jv 



A 



2 < 



+ 



15v 



B 




9 
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Network to be Analyzed by 
Thevenij^s Theorem > 

Figure 2 ' • 

i 

The first step in applying Thevertln's theorem is to/ determine, the open 
circuit voltage at points A - B. With the aid of Figure 3 the "open circuit 
voltage ia as follows: 



\ 



v\AA 



r 



N 2 s 
1 > 



3v j/ 

It 



.1: 



15v 



-oc 



B 



Figure 3 

Solving for thfe current I,. yields 



i » 



* r 



12 
5 



E oc * +15 



12 



x 2 - 15 -4.8 * 10.2, volts. 



<4 



J 

✓ 4 



determine the thevenin resistance, we look into terminals A and B and 
.aet all sources to aero, This results in Figure 4. 



\ 



Rth 



Fifcure 4 - Circuit to Determine Thevenin Resistance 
.Thus the Thevenin resistance is, 



Rth 



m 6 

3 + 2 5 



Therefore the circuit to the left of points A ~ B can he replaced by 
Theveixin's equivalent circuit consisting of a\o,2v source in series with 
a 1.2 ohm resistor. This is illustrated in Figure 5. 



A 

y- 



10. 2v 



lv2 S Q 

t 



r 



Figure 5 - Simplified Circuit after Applying 

Thevenin' s Theorem 

The current through the 4 ohm resistor is then | 

r 10.2 , , 
3.2 

As can be seen the original network is simplified to a single loop circuit 




Phase 10 



Theve-nln's Theorem 



Laboratory Operation Procedure : 

Determine for the three circuits below by applying Thevenin's Theorem 
at the indicated points. i 

Construct each circuit and measure Ir. 



X 



20 



2.7K* lK 

2.7K5 1K ' 

i 
i 



2.2K 



3.3K 



10 




20 



120 



56K 

-vVV v - 



O- 



39K > 



'a \ 



> V ^ 



6.8K > 



-A- 
b 



IK 
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Ihfi.v.eniii'a Theorem 



Pre para tion Test : 



16v 



Find the Thevenin's EquivAlent Circuit for the circuits shown below. 



lOfl 



5s2 

■v\A/ 



5fi 

VW 



s 10ii 



ion 



A 



s ioon 



B 



lOv - 



20U 

\ A 



//A 



A 100ft > B 



30ii 



20v 



100U 

- v\\A - 



30v 



40« 

v\AA 



s 2 on 



lOv 



£ 60^ 



1 



20v 



9 
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Thevenin's Theorem 



Hopieiwork Exercises : 



In the following networks, solve for Ik by applying Thevenin's 
Thecfrem at points A - B. 



10 • 



+ 



I- 



30 " A 30 B 



20 



Ik 



10 



AO 



2& •: 

+ 

8 r =r 

1 



AO 



10K 

•vw - 



10K 



^25K 

> 



20 



X 



Ik 



t 50K 



20 



T 

20 



20 



a 

v 



5P 

Ik 



[ 

> 150 



o 
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Theyenip.'g Theorem 



Application of Thevenin's theorem to any complex networks generally 
simplifies the netwdrk to a much^ simpler circuit. Although the circuit could 
be aolved by loop or nodal analysis, it is sometimes easier to solve the 

network by applying Thevenin's theorem,. The next phase will deal with - 

Norton's theorem, another simplifying theorem. 



79 
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Norton's Theorem 



Facts and principles to be learned from this phase. 
• \\ Application of Norton's theorem. 

s 

flSiiaillM^ Mansion : 

Norton's Theorem replaces a given network with a constant current sou 
in parallel with a single resistor. 

Consider the network of Figure \k once again. This is repeated in 
Figure 1A with the Norton Equivalent illustrated in Figure IB. 



Network 
containing 
, Sources and 
i Resistors 



R 



N 



Figure 1A Figure IB - Norton Equivalent Circuit 

The value of the current source is obtained by placing a shortS across 
terminals A - B and measuring the short circuit current (I sc ) that flows.' 
The parallel resistance is the same resistance that was determined for 
Thevenins equivalent circuit. As an example, let us consider the same^ 
circuit which was analyzed by Thevenin's theorem. 



80 



B 



ure 2 ._. 

The first step in our procedure is to determine the short circuit" current 

(ISC) which flows. after we short terminals A - B. This is illustrated 

\ 

in Figure 3 . 



2 



3- -k 



15 



A 



'"• 2 



12 



sc 



B 

* Figure 3 - Circuit to Determine Isc 

Writing the two loop equations yields 

(3 - 15) •« Ii (5) - I 2 (2) 
(15) « ~ Ii (2)'+ 12 (2) 




U) 



-12 - 5Ii - 2I 2 
15 » -2li + 212 : 
Solving for 12 by determinants 



12 



5 
-2 



5 
-2 



-12 
15 



-2 
2 



U) 
(2) 



-15 -24 51 17 
1,0 -4 6 2 
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tore 



ISC* 3 * 12 m 



17 



To determine the Norton resistance, 
^J^Hife circuit then results in 

2 

! \AAr 



1: 



set the voltage sources to zero 




Riii 



Figure 



Solving tor Rn ylplds, afi before 



3 (2 ) 



3 + 2 5 

This results in the Norton equivalent circuit shown in Figure 5, 



I 

! 

5 • 



A 

> 



IL 



17 



> 4 



B 




Figure 5 • 

V 

Now applying the- current divider expression results in 



IL 



6 
5 



+. 4 



x 17 m 1.96 as before 

r • 
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Laboratory Oeeratlon Procedure 



8.2K 

vW 1 . 



4.7K 



6.8K > 

r. 



5.6K 



lOv 



20v 



Jr 

i 

L.r 



a 

\ > 



S 

c 



15K 



1. Detenaine^lL by applying Norton's Theorem. 

2. Construct the circuit and measure II. 

8 

3. Short the 15K resistor and measure Isc. 

■ ^Hj. * 

4. Open the circuit at points ^-and B and^easure the" voltage E 0C . 

5. The thevenin rls: 



jistance is equal to 

isc 



6. Construct the Norton equivalent circuit and measure II. 

Note, that in ordeg to construct the Norton equivalent circuit, we 
need a constant .current generator . We can build one if we place in series 
with a voltage source a very large resistor compared to the other . resistors 
in the circuit. In this case the Qurrent drawn is not dependent on the 

y 

rest on' the circuit. 
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Norton's Theorem 



Preparation Test : 



1. Change the following Thevenin' a Equivalent Circuit to a Norton' 
Equivalent Circuit. » « 



s 



67. 2v 



29. 6K 

-AAA/ 



- o 



-o 



\ 



2. Find the Norton's Equivalent Circuit for the circuit shown below. 



lOv 



5fl s 




- -X 8v 



— ^ -w- 

1 * ■;> 
L ' 20v 



<. lOOfi 



15« 

VW 



Y 



<■ B 



< 25fi 



12v 
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Norton's Theorem 



Homework Exorcises : 
, _ x 



Find the Norton's Equivalent Circuit for th^. following circuits. 



1. 



50f2 



24v 



! I 

I • 



15S1 

'W ■ 



25rt 



. 20i2 



30!Ti 



< 

2: 



> ion 

1 



.25*1 

-AAA • 



A 



io on 



6b 



ion 



5v 



i4n 



40v 



35n > 



15v 



6on 



lOv 



A 



^ 



L. 



..-J, ... J. 



4 b 
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Phase 11 Norton' s Theorem 

- * * «. 

Concluding Discussion: , 

As seen Norton's theorem simplifies a complex network into a simple - 
circuit. The simple circuit' oan then be readily analyzed. In general the 
parameter being sought usually dictates which theorem (Thcvenin's or 
Norton's) gives the quickest results. 
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Phase 12 



» Su perposition Theor,ero 



Facts and principles to be learned from this phase, 



1. Application of Superposition theorem. 



Preliminary Di^cussio^ ; 




. It is possible to solve a network which contains iribre than one sourse 
of kM.F by applying the superposition theorem.^ Mien applying this theorem ^ 
to a network it is possible to avoid .the simultaneous solution of Klvchoff/s 
laws . * 



Discussion ; . 



The superpositfbn theorem stateV'that the current *in any -branch of a 
network is the algebraic sum of the currents separately produced by each * 
source of EMF.. . - . 

If a- network has yiore than one source of EMF, the branch currents may 
be determined by considering one source of EMF at a time. ' The sources of 
EMF that are not being considered are sjiorted and replaced by their internal' 
resistance. Let us consider the same example as before. The circuit is 
repeated in Figure 1. . " 



I 



2 



3'-r 



2 * 



15i 



' 1- 
I # 

Figure 1 
.84^ 87 
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Once agaift it is desired to determine the current II. 

■'" ■ A- * 

Our first step' ia t6 set the. 15 volt source to Itero.' This results in 
Figure 2. » «r- 



1 • 

+ 




Figure, 2 

WcwUl now solve for the current which flows due to the three volt source 
The parallel combination of the two and four ohm resistor is, 



The loop current is, 



2 4-4' 



8 



a . 1.3L3 ohms 



1 " MTlVoi ^ ^33 " 0 > m • 

The voltage drop. across, the. parallel combination is; 



V p ^ 0 V 693 (1,33) - 0,92.4 volts 
Therefore the current through the 4 ohm, resistor is 

I LjL . -J_ . iiizifL _ Q.23 

In a similar manner now, we'set the 3 volt source to zero and again solve 
for the current through the i\ ohm resistor due to the 15- volt source. 
This results tn Figure 3.. . - " , 



2 

AAA, 



•2 



15 



s 

1 



Figure 3 - Setting the 3 Volt 'Source-Jo Zero 

< ' _ - ■ 

The .circuit in* Figure 3 can be simplified to the circuit shown in Fig 



:• 2 



:•• 4 



15" 



Figure 4 



( 



We -can combine the 3 and. 4 ohm resistor since they are in paralUK. 

•* *, . * ■* 

3' xj .-12 



Rx 



85 1,72 ohms 



p 3 + 4 7 

Combining these two results in the circuit shown below. 



2 ; 



15 



> 



"Rp • 
1.72 



Figure 5 

The circuit current is therefore 



I « 



15 



4.03 



2 + 1.72" v w 

The* voltage drop across the parallel combination is 

• * H ' »' .. 

. V— . Vp - 4.03 (1.4i> 85 6.9 volts. 



Therefore the current through the A ohm resistor is 



ISC 



l h2 - 



6.9 



1.73 amps. 



The total current through the 4 ohm resistor is now, 

I L - 1.73 + .23 - 1 .96 
Thus we have solved, for the circuit of Figure 1 by three different methods, 
Thevenin's, Nortons and the Superposition Theorem. Usually one of the • 
tJie.QX.ems.. may. ..a impiify . the circuit juare Xhan L\\q others* With experience -one 
can tell which theorem simplifies the network more than the others. 

Laboratory O perat ion Procedure : 

J v. 

jf 1^ For each of tt^e circuits below, determine by. the .Superposition 
Theorem Ik* 

Construct each circuit and measure Compare with the va^us 

determined in step 1. 




8v 



6.8K 

•'/A 



8.2K 



10K> 



IK- 



6v 



20v 




Figure (a) 



27K 



lOv > 7 

■ +1 



: > ^ i-( '.-^ f«K i-..' 



si , 



V 



Figure (b) 
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Superposit ton Theorem 



Preparation lest : 



Solve for I K in the following circuits by Superposition 



1. 



.. lOOv 



82K 



27K 



X 



... 12K I K 



10K 



150v 



18K 



67K 



Assume two different battery voltages for problem 2. 

2?' - • ' ;. 



8.2K • 



4 




.. 1 . 2K 


680ft 


t 


.t/W\/ 




* 

, 1 



> 2.2K 



IK 



5K 



"' T 



. > IK 
? 3.3K T. 

i L. 




\ 



•88- 



-91 



e 12 



Super posit Ion Theorem 



Hfliaework Exercises: 

Solve for Ik In each of the following circuits by use of the 
Superposition fheorem. 



1. 



30v 



10K 

v / 



10K 



20K 



50 v 



12v 



1 



Figure (a) 



5K 



3K 



8K 



4v 



Figure (b) 



/ 



r 



: o 



Solve for ' e 0 also 
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Phase 12 Superposit ion Theo rem 

— i- ,, , . __ f 

i 

t 

Conqlu^n^ Plecussion : 

j-n.. ...iiii^i i., u,'*t»i__' - '• 

When applying the Superposition theorem, it is essential that'th 
internal resistance of every power supply be included. Thevenin 1 s, 
Norton's and the Superposition theorem v^ill be applied in the final pi 
of this problem. 
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Voltage Dividers 



Facts. and principles to be learned from this phase. 



1. Characteristics and application of a voltage divider. 



Preliminary Discuss ion : 



In part leal ly all electronic systems various voltages are usually 
required at different point in the system. The most- practical method of 

\ 

\ 

obtaining these various voltages is with the use of a \pltage divider 
network. ^ 

A simple voltage dtvido^ network consists of two resistors ii> series. 
As an introductory example let us analyze the simple voltage divider 
shown in Figure 1. > 



1 



+- 

100v 1 



•\. Ri 



R 2 <:. 



V L - 20V, , R L 



/ 



Figure 1 -Simple Voltag| Divider / 
Suppose a 100 volt supply is .available and it is required to have 20 volts" 
across a load -Rl- For the simple case, we will assume that R^ is -verv 
large cqmpared to R^ so that it does not load down thd voltage divider, 
I.e., assume that Rl draws negligible current. The current flowing through 
Rl and R2 is called the bieeder current; In general, the bleeder current* 



94 



should be approximately 10%' of £he total current supplied. 

Writing Kirchoff's voltage law equation around the 16op, gives 

100 * I1R1 + I1R2 
Solving i'or the current 1| yields, £ 

The voltage Vl is, 

.100 R2 . . ' ' * *' 

and since it is desired to hav\? » 20 volts, 

' • S 

1Q0 R2 



20 



Rl + R 2 
1 R2 



5 Ri + R 2 

x 

Solving for Ri yields, * , 

\ 

Therefore making Ri four times greater than R2 and also with the requirement 

« 

that~R L » R2 results in the desired 20 volts across Rl- " 

in the previous example the design of the volTage divider was simplified 
•since we assumed no load effect, in a practical application this loading 
effect (the current drawn by the load R^) cannot be neglected. Let us now 
consider the case where the load draws appreciable current-. Suppose a 
200 volt supply, is available and it is desired to supply a load witti 15 ma 
at 150 volts . v . 



+ . 7 ' 

Rl 



I T 



' iL 



200v i J _ <? 

1 ' * • ...1 ...J 



150v 

v 



Figure 2 



* 
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Applying the general rule- that the bleeder current a liquid be apptpxinjataiy 
10% of thfc total cMtrent results in a bleeder current of l.Sma. * , 

Therefore thcrtmral current supplied is -the load current plufl. th£ 

bleeder current or 15 + 1.5 * 16,5 ma. - * . , 

Solving for the required value of Rjl and Rl yields, '. 

'* * 

150 v . 



• R2 



1 . 5 ma 



100K 



Rl 



2Q0'~ 150 m 50 



16.5 ma 



16.5 ma 



« 3.03K 



The load resistance* can also be calculated as/ 



150 v 



15 ma 



10K 




. f 



' Laboratory Operation Procedure : . . ■ 1 • 

* « *...* ... 

1. Design "a voltage divider to meet the following gpqci float ions . 

• k Supply Voltage 60 v 

.30 *v " @ 8 ma " . ' ■ * ' ' 



r 




45 v J* 2 ma - • * 

{>Q v * @ w 5 ma '•«■;... , * - — -^'v 

2. Obtai'n the resistors with values, as close to, the design, values . 4 I 

as possible and construct the circuit. .Ckeck to Bee that Ihd * 
. desired currents and v6itage&i are obtained. ■■ ^ * * 



.... • ^ 1 



9 

ERIC 



-93. 



9€ 



1 



Ehfese 13 



yoltafta Dividers 



Preparation Test: 



\ 1. 



Design a voltage divider to supply the following loads from a 
■:2Q0 volt power supply. 150 v @ 25 ma,, 100 v @ 10 ma, 75 v @ 1 ma, 



• . and 23 v @ 20 ma,. 



Derive, an expression for the voltage across R x in the following 
circuit? 



r 



E 



Rl 

-WAT- 



S' 



R 3 , 

V\A 



1" 



> R2 



«5 

vyv 



< R4 



R 



x 



Volt me lUviders 



Homework 



1, What value of bleeder resistance should be used in the following 

. 1 V ' ? 

voltage divider if the bleeder current -is 5 ma? ... *? J 

»r m / 

lOOy X30-ma^ ^Jdt^\ 




/ 



4 v /. 



2. What is the voltage across R x in the folVo^ing circuit? 



50J1 

V 



w 



lOOv 



"1 ■•/ — 'VVV- 
i 100Q > 




•*W/ '■ 



•>'15££_^ 20S! > ,.?0a-~R 



Concludlt^ Discussion; 




Vft J,t flge Diyjdeys 



Use of fche^voltage divider is a /Very useful tool, It* can save time 
when analyzing a given circuit. A, circuit w^ich divides current, a 
Current divider will now be 'analyzed. ' 




V 




»■ A 



f 
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Facta and principles to be learned from this phas^. 



1. Basic action of a current divider 



Preliminary .' Discussion ; 



, » 



A current divider is v basically 'a network which reduces an input current, 



Consider the circuit in Figure 1. 
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Vx 



s ) 12 
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Figure 1 - Simple Current , Divider 

Figure 1 is a simple parallel network being supplied with/ a/current It. 

It is desired to obtain the current; Ii -and I 2 . The voUatfe across this 

• • ' ' ' * ' ^ 

parallel combination is given, by the, following express!^ 

Rl R2 , " » • 



Rl + R2 



The current Ti is' their, 



11 



• Rl R2 
Vx IT Rl + R2 



Rl • Rl 
R2 



(2) 



7'' 



'The current through the resistor R2 is, 
* C . * VT - * Rl 

We therefore can conclude that when a current splits between two resistors 

" ' ■ * V - ' 

the current through one resistor* is directly proportional to the other resistor 
and inversely proportional to the suw of the twp resistors-' As a practical 
example, let us consider the circuit in Figure ,2: /. . 



10 ma • , „ j 

/ + 



— * 10K ' < ■•».>-, 
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Figure 2 

" • / 

It ip desired to determine the output voltage/E 0 . This problem can easily 
be solved once 12 is determined* Using the currant divider expression, 

'/' 

N ' to m 30K / ■ 30 , 

• ' * 12 " 10 * 30K 10K + 20K V * 60 " 5 ma ' 

Therefore the output voltage E Q . is 

V Ep - I2 .(20K) ■ 5 x 20 « 100 kbits' 

As seen, the output voltage is readily r fComputed by applying the current 

divider expression. . * . . * ■: \ . ' 

Laboratory Operation Procedure : • 1 ✓ . * 

1. Measure and record the 'resistances that ate to be used in the circuit 
v below. 1 " . 



• ■ I 



Determine the value of R L which will allow Vma to flow through' i 
Set up circuit and measure the current through 4l L ., 

m V 

Using, the value of Rl from step 2, determine the current through 
it. if points A I B, and C are connected together. 



Set up the circuit and measure the current through Rl. 



8.2K 



A 



3 9K 

x 2.2K x 



i : 



2.2K . <„ 5.6K , 's 6.8K 



V 



S 



Current Divider 



Pre paration Tgst: 



FindVhfc current ' throiifeh R x in the following circuit* 

* 
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2, What value of R x will allow 5 ma to. flow through^ R]/? 

\ 



\ 
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25 ma 



100 ma 



, 200H 



250ft 
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Current Divider 
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Homework Exercises; 

» 1/ Derive an expression for the current through R x - in the following 
circuit 
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2. What current will flow through. R x in the following circuit? 
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Current Divider 



Con eluding Dlacu&aion: 

The current divider expression is very helpful whpn aliasing many 
circuits. In many cases it can save valuable time. 
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Phage j .5v * . Ammeters . ■ « . 

Facts and principles tcTbe learned'* in this phase, 

• • - y 

1. Construction of basic D'Arsonval, meter/. . * ^? 

* " * * * * 

- * * * 

p 2. Design of a meter, to increase the maximum current capability of a * 
basic meter movements , - 

Preliminary Discussion ; 

. -' '. ' - 

, . / - 

% • 

V . . 

^ Since the .primary function of a technician fs testing and troubleshooting 

* o 

circuits with the aid of meters, it is important that he have a basic 
understanding of these meters . * All d-c. meters work on ^the^ principle ,£hat 
the needle (pointer) deflection is proportional to the current which is 
being measured. The* most common , type of meter in use today .is the permanent,, 
magnet moving 'coil system/ dbmmon ly referred to as the D'Arsonval movement* 

Piscussion; . 



The D'Arsonval meter movement works on the principle of two , magnetic* 
fields interacting with each^otber. when a magnet which ds free to rotate 
i^ placed in the vicinity of a fixed magnet, there will be a force exerted 
on the movable ipagnet s^ch that unlike pdles align opposite one another. 
Let us first consider the electromagnet shown in Figure ly . ' 
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figure 1 - Simple Electromagnet: 
With the battery connected as shown conventional current flows as indicated. 
Use of the right hand rule enables us to determine that the magnetic lines 
of flux emerge from the right end and enter the left end of the bar, thus 
creating an electromagnet with poles as indicated; Placing this' electromagnet 
inside .a magnetic field and adding a spring forms the basic VArsonval meter. 
Th«ts is illustrated in Figure 2. 
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Stationary Permanent 
Magnet 



Electromagnet 
(moving coil) free to Votate 

""J 

about its center 



Basic B'ArsonvaL Meter Movement 



ERIC 



-104- 1 07 



Let us analyze the action of this moving coil system. The, current to tfe^ 
measured is applied to' the moving coil as shown. The moving coil attains 

* 

poles as indicated which interacts wfth the magnetic field of the permanent 
magnet. The spring supplies the torque to oppose the torque produced by, 
the interaction of the magnetic fields. If the permanent magnet provides 
a flux <(>p and the current in the moving coil produces a flux <(. c> the - 
turning torque on the moving coil is proportional to 'the product of the 
-two f luxes . This Is expressed as • * ' ' 

t *■ Mc "It (i) " 

m * 

where k is a proportionality constant.' Since ~<|>p. Ik a- constant, we can 
rewrite equation (1) as, V - ^ - ^ / • > 



t « ki 0c "' ' ' ' 

where ki "Jc 4>p . 
now since ij>p is directly proportional to *the current in the coil, we can 

■ *c s k 2 i ; (35 

\ ^ ' . - * ' - * * ' 

where 1 is the current -*n t;he coil\and k2 is a proportionality constant. 

* * 

Therefore * 

• • . ■ T • k3 I , 1 . , (4) 

Thus the torque and therefore the angle of -rotation on^the moving coij is % 
directly proportional t,p the current in the coil. A " 

■ In order to cdmplete the^basic DtArsonval meter, we .need* to" add a 
heedle'tQ the moving coil and a scale to indicate the value of 'current 'being 
measured. The complete basic D'Arsonval meter is shown -in Figure. \. . 
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Spring — 




Stale 



— Full Scale 

— Needle * . 



v Figure. -'3 - Basic D'Arsonval Meter 

The basic meter movement is designed so that when *a certain amount of 
current flows through the moving coil", the, needle deflects to -the full-scale 
position. The current required to produce this full-scale deflection is 
called the meter's deflection sensitivity. For example, a meter which 
requires 1 ma for full-s<?ale deflection has a deflection sensitivity of 1 ma. 

The moving coil is constructed by winding turns of copper wire around 
a soft iron bar. The coil being made from copper has a certain amoun^*of 
resistance. Since ther^urrent to be measured flows through this coil, every 
meter has a certain- amount of resistance associated \4±%\\ it. Thus we can' 

/ 

model the baste meter movement with the coil resistance Rm, in series with 

«• 

an ideaj meter having no resistance This is 4 shown in Figure A. 

• • f 
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(meter) 



(coil resistance) 




Figure 4 - Model for Basic Meter Movement 
The max i©um current of a meter ..may '• her increased by adding .a -resistor 
in p/araliel w£th the basic raster. Suppose' we have a 100 ohm basfc movement 
with a deflection sensitivity of l'raa, and we wish to increase the capability 

* 4 

of the meter so that it can read up to 3 ma. We must therefore shunt the 
basic movement of a suitable resistor* A circuit diagram is shown in 
Figure 5. 
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3 ma 



*\ Figure 5 

- * • 

The calculation of the shunt resistor -is as follows: Since the basic 
movement is only capable 'of handling 1 mar, we must bypask 2 ma through 
the shunt resistor ♦ We now have a parallel circuit which has to be analyzed. 
This is shown in Figure 5. - The voltage across the parallel circuit is 

V ■ ImRm * 1 ('D "10*1 volts 

* . * ■ * 

' * .' 

The total current is equal to the meter /current Im, plus the shunt current 1$ 



~io)- 



110 



# i T - r>/+ is 
/ • 

Solving* for th&^shunt current Is, yields 

/ ■ 

~ 1 Is/" IT - 3tM 0 3 - 1 » 2 ma. 

•' • • ' (/ ' , 

Tberpf^re the value of Che shunt resistor is 



ff r— ® 50 ohms . 



The value of Rs can easily be computed by the following expression. We can 
say that, ' 1 - \ 

Im Rm " ^Rs " • „ 

t 

solving for Rg yields 

1 



iM 



(100) 50 ohm. 



Therefore by placing a 50 ohm resistor in shunt with the basic meter, we 
have increased tfhe meters capability from 1 ma to 3 ma. 



Laboratory Opera tion Prpeedsre i 



1. A 0-10 milliampere *|j* :rument is to be constructed. Using the 
resistance shown on the basic meter movement, compute the necessary 
shunt resistor and its powet dissipation . 

2. Obtain the proper resistor and construct the meter. 

3. Check the resultant Instrument calibration against a Student meter 
(the latter switched to its 10 ma range). Use the calibration 
circuit below. 
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Preparation To at 



* ■ 



1. Design an ammeter to read % amp at full-scale wfth a 3 ma 
movemer^tNhavlng a resistance of 100 ohms. x 



2. Solve for the shunt resistors in the following ammeter so that it 
has a 1 ma,*10 ma, and 100 ma range. It uses a 1 ma_ movement 
with a resistance of 200 ohms." 



1 ma 



-o— 



'200J2 
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10 ma ' 

-><> — W\A 



100 ma 
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Hom ework Exercises : 

\ 



( '/■ 



1. A 100 ohto movement with a deflection sensitivity of 1 ma is shunted 

t ' /'■ *" ' * 

such th^ty£i\can measure 5 ma full-scale. What is the value of the 

/" /\. 

, shunt /resistor? • ■ . 



• 2. A multiscale ammeteiThas scales of 1 n3a; 5 ma; 10 ma; 20 ma. 

/ 

A 100-pa movement with 50 ohms of resistance is used. Calculate/ 
/ ' the values of the four shunt resistors. / 
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The important point- to ^MettOjer^pQ deSigrfing an aaSneter from a 

% • "ill : fk * * 

basic metex;, movement fa thatjthe ^nrK|pt through/ tt\e moving coil cannot- 
exceed Vhe current required fov 'fall-scale deflection. It also should be 
-easy to see that the basl c^efrer tSoyeraent can be extended 1 1 o~ a inulti range 
meter by adding several Intern&b-trtiunts . f .- 
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Phase 16 ^ Voltmeters 



Pacts and principles Co be learned in this phased 

f > / * if 

* 1. Cpnst ruction o£ a voltmeter. - % 

2. .Increasing the voltage range of a basic meter- movement 

3. Concept of voltmeter sensitivity. ^ 



\ 

Preliminary Discussion: 



* Suppose a 1 14a movement which has" a coil resistance of 100 ohms is 
» - 
available. At full-scale the current flowing through the meteor is 1 ma and 

u i , ' X 

the voltage across the, meter is, from ohm's law, 

** • 
Vm - ImRm 851 (1 «>a) (100Q) ** 0*lv - 100 mv. 

If the same movement has 0.5 ma flowing through it, the voltage across the 

terminals is, 

» 

Vm ■ Im r M 33 C5 wa) (100 ohm) » 50 mv. 

• ■ * 

Therefore not only does the meter measure curx-ent, but it measures voltage 
as well. Thus this meter could also be calibrated in millivolts. The 
voltage range of the meter can be increased by placing a resistor in serfes 
withf'the basic m6ter movement. Suppose, for example, we Wish to increase 
the voltage range^of the basic meter movement so that it is able to measure 
up to 5 volts full-scale. The procedure for\calculating fche va^ue of the 
series res &s tor (Rx) isf as follows: 1 
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^ * - ^ 1 Meter Terminals . 

r • . * 

Figure 1 - Circuit for Increasing the Volt ag£ Range 

of a Basic Meter Movement ._ . 

The basic raetep^aiovement gives full-scale deflection at 1 ma. 

Since it is desired to read up to 5 volts, the voltage across the 
terminals of the meter should be 5 volts when 1 ma is flowing through the 
meter. Therefore' the serieSj combination of Rx and Rm is 

E . 5 v 



RX + Rk & 



*M 



1 ma 



5K 



> Rx - 5000 - Rm " 5,000 - 100 » 4900 ohms,. 

s » * 

Therefore by adding a .4,900 ohm resistor in series with the basic meter 



movement, we increase the range of the meter so that we* can read 5 volts 
full-scale. TheT total resistance on the 5 volt range is 5,000 ohms. The 

1 

total resistance divided by the full-scale deflection voltage gives the*, 
voltmetrer sensitivity. For 'the voltmeter described above, the sensitivity 
is , 



5,000 ohms 



5 volts ' " 1»000 ohmb per volt 
Note that ttyi|, figure is unchanged by adding Rx. It is a basic property o 
a meter and does po^ change for different' values of Rx. 
For example if we wish to construct a meter*to read 20 volts full-scale, 
using the same basic meter movement, ^e require Rx + c Rm to equal, . 

• % + KM w fjj * - 20,000 ohms. 



■■446 



Thus the voltmeter's sensitivity is) " & 

20, Q00 ohms •> AAA u i - 

a * ■ 7~ ~ B 1,000 ohms per volt, 

, 20 Volts r 

the same as before* N 

■ - * ■ « 

W« can also determine the' voltmeter'? sensitivity by taking the jfeciprocal 

of the current sensitivity of a meter. For the meter above this results in 

,' I " - 1,000 ohms per volt, 

l>mfc * • 

- , . . \ ' " ' • 

which is" the same as before, - \ * ~ 



Laboratory Operation Procedure : 



!♦ Using the 1 ma basic meter movement design and construct a 0-100 

volt instrument having a sensitivity of 1,000 ohms per volt* Compute 

■4*. , 

the necessary series resistor . * / 

2* Jtising*th& circuit below, check the calibration against a student, * 

\ 

meter. Place the studeQt 0; me*ter f s switch on the 100 volt range. 
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10K 



Design and construct a 0-100 volt meter having a sensitivity of 
100 ohms per volt. 



Repeat step 2 for this meter if 

1 . : < ' 
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Preparation Test: 

1. Design a 0-100 volt voltmeter with a sensitivity of 1,000 ohms 
per volt using a 1 ma movement with a resistance of 250 ohms. 



Design a voltmeter to read 150 volts .full-scale with a sensitivity 
of 100 ohms per volt using a 100 pa movement with a resistance 



of 300 ohms,. 
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ypltmeters 



Homewoyk Exercises : 



l. A meter movement has a resistance of 50 ohins and a full-r^ale 

* J 

deflection of 1 ma. What is the value* of the resistor required to 
increase the meter range so that! It is able to read up to 200 volts 
full-scale? 



% 2. A 50 pa movement whose total resistance is 1,000 ohms,* is used to 
construct a voltmeter. Calculate the series resistors/required 
for 30v and 150 volt ranges. / 
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Voltmeters 



Concluding Discussion'; . 



Amine 



ters and voltmeters are -constructed from the. same basic meter 
movement. The difference lies In the method in which the external resistance 
is connected. The ammeter has the external resistance .connected in parallel 

w£&» the moving cpH while the* . voltmeter has the external resistor in 

series wit^ the moving coir. % 

Good ammeters should offer a very small resistance while a good 

t * 
voltmeter should offer a fairly large resistance. 



J 




o 

ERIC 



417- 



120 



Phase ,17 



Loadin g Effect of Voltmete rs 



Facta and principles to be learned in this phase. 



V. 



1. Effect- of different voltmeters in a circuit. 

/ 

PffeliminaVy Discufision : 



An ideal voltmeter should draw no current, but since- the moving coil 

r 

requires a small current to obtain a reading, the voltmeter must draw this 
current from the circuit which is being measured^ Therefore in order to 
obtain, accurate readings the voltmeter should not load down the circuit 
appreciably. The voltmeter should thus have a high resistance if the above 
is to be. true. Let usi consider tire circuit of Figure 1. 
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Figure 1 - Circuit to Demonstrate the Effect 
of Different Voltmeter Sensitivities 
Theoretically the voltage-drop across the 50 K resistor is by the voltage 
divider expression, 

50 



20 + 50 



x 50 ^ 35.7 volt* 



Suppose we connect a 10,000 ohm per volt meter on a 50 volt full-scale 

across the 50 K resistor. What will*this voltmeter read? 

* ' 

> ■ . • • 



. -us- 121 



The resistance of the meter is 

10>0 00 SfeSfi. x 50 voit « 500,000 ohms. 

This 500 K resistance in parallel with a 50 K real's tor results In a parallel 
resistance of * 

' • • ' * D • v 500 x 50 , " " 

RP ^ 500^50 - 45 * 4 • 

' . ! ' * 

Thus this voltmeter will read . ' •■ . 



or about a 3% error.. 

Now suppose we replace this voltmeter with one that has a sensitivity . 

> 

of 1,000 ohms per volt on the 50 volt scale. What will this voltmeter ream 

* - •* 

A 1,000 ohm per v^Jlt meter on a 50 volt range has a resistance of 

R / 1,000 v^lt x " 50 volts " 50,000 ohms. 
Therefore this resistance in parallel! th the 50 K resistor has a parallel 
combination of 25 K and the, voltmeter will now read 

25 

■ - V 53 20~+~25 x 50 « ra 16,7 vol ts v 



which represents an error of over 50%. Therefore it can be concluded that 
the higher the voltmeter sensitivity, the more accurate will'be the voltmeter 
reading. 

« 

Laboratory Operation Procedure:. 

1. Calculate the total resistance of each voltmeter constructed in 
the preceding phase. % 
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For the circuit below, calculate the voltage Vab b y f ive different 
me thoda , namely . . * 

(a) Loop Analysis 

(b) Nodal Analysis 

(c) TheveninV Theorem 

(d) Norton's Theorem * * 

(e) Superposition Theorem 

Include the meter resistance "which" was calculated in step !• 
Construct the circuit and measure Vp$ with each constructed volt- 



meter from the previous phase. Compare the results. 
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Preparation Test 




What volta#£ would a 10,000 ohm per volt meter on the 0-50 volt range 



read if connected across the 12K resistor in the f ol lowing ircuit? 

4 
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jfcggdjBg E ffect of Voltmete rs 



Homework Exercise : 



( 

1. (a) What would a 10 ohm per volt meter on the 0-1^0 volt range 
read If connected across the 10K resistor in the circuit 
below? 

(b) 100 ohm per volt on the 0-150 volt range? 

(c) 1,000 ohm per volt on the 0-250 volt range? 

(d) 10,000 ohm per volt on the 0-250 volt range? 

(e) 20,000 ohm per volt on the 0-250 volt range? 
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Concluding Dlgcusflon : 



An ideal voltmeter should have an infinite resistance and therefore 
should not "draw current. As discussed earlier the moving coil requires a 
small current to obtain a reading and therefore does offer a finite 
resistance. This resistance which a voltmeter introduces depends on its 



/sensitivity. This phase should help the student in future measurements 
work. 
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PRINCIPAL PROBLEM 
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NUMBER 2 



OSCILLOSCOPE 
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Statement of ^he Problem;. 



The oscilloscope is one of the most useful pieces of electronic -^equipment 



which ttyi technician will come in contact wHth. The technician must be able 
to'uefe lihe oscilloscope as a diagnostic tool. He must k&ow its limitations 
and capabilities and practice its Ve until it becomes .an extension of .his 

senses. Learning how to establish a picture of a waveform)ig merely the i 

beginning. Learning to measure and interpret the waveform for the purpose 
of understanding a problem is the real and most difficult part of learning 
how to use the oscilloscope. It' is therefore imperative that the technician 
become very familiar with this versatile instrument. This problem is 
therefore designed to familiarize the student with the oscilloscope. 
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Phase 1 



Facts -and* Principles to be learned this problem. 



!♦ Introduce the oscilloscope to the student. 



r 



2. Lea 



e capabilities and limitations of the oscilloscope. 



ERLC 



Basically the oscilloscope consists of a cathode - ray tube fcRT) and 
electronic circuits such as amplifiers, power supplies and sweep generators. 
The oscilloscope is a voltage indicating instrument which is generally^ used 
for observation of electrical phenomena and for making many types of 
measurements. 

The CRT consists of three basic parts, (1) an electron gun (2) two pairs 
of deflection plates » and (3) a screen. The CRT is shown in Figure 1. 
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Figure 1 

t 

1 90 

-126- 



The function of the electron gun Is to* emit a narrow beam of high velocity 

electrons ai&ed at the screen. Upon -striking the screen, the Jcineti'c energy ✓ 

of the electrons is converted to light energy and a visible spot appears 

on the screen. The function of the deflection plates is tA deflect the beam 

so that the visible spot will move anywhere on the^screen. With no potential' 

applied to the deflection plates; the electron beam passes through the 

deflection plates an^a^fikes the center of the screen. The screen is coated 

with phosphor so that when the beam, strikes it a visible bright spot appears. 

A characteristic of phospor known as phosphorescence retains the spot for 

a brief period. This is useful when it is desired to view a rapid change 

in signal level. If a d ~ c potential which makes the top vertical deflection 

plate more positive than the lower one, is applied, the electron beam will 

be deflected upward. The beam can be deflected downward by making the lower 

plate more positive than the top plate. Similarly the beam can bedeflected 

• ( 

X 

to the right or*to the left with d - c potentials on the horizontal plates. 
One word of caution here* The- intensity of the 6pot should be kept as low 
as possible to avoi,d destroying the screen. 

Now tha^we have discussed the operation of the CRT let us look at a 

V * 

block diagram for a typical oscilloscope.. This is shown in Figure 2. 

• j 
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Figure -2 - Block Diagram of Basic Oscilloscope 



f 



Not© that the basic oscilloscope consists of a; 

1. Vertical amplifier • 

2. Horizontal amplifier 

* 

3. Tim© base generator 

4. Power supply . 

5. Cathode - ray tube 

When It is desired to observe a periodic ^time-varying waveform', switch S Is 

amplifier. With the switch S in this position, the time base generator / 
provides a saw-tooth voltage which is applied to the horizontal deflecting 
plates through the horizontal amplifier. A typical saw-tooth wave is 
Illustrated in Figure 3. 




4 * 

Figure 3 - Saw-tooth Signal which is 
Applied to the Horizontal Amplifier 
As seen from Figure 3 the saw-tooth wave starts from a negative value and 
rises linearly to some positive maximum value. It then drops sharply to 
zero. When this saw-tooth wave is applied to the horizontal amplifier and 
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with no signal applied to the vertical amplifier, the spot on the screen is 

deflected from left to right at a constant rate. When the saw-tooth drops 

back to its original negative value, the spot returns rapidly to the left 

then starts sweeping to the right again. This repeats at the frequency of 

» 

the saw-tooth* The frequency of the saw-tooth can be varied by a selector 
switch which is on the face of the oscilloscope. This makes the spot travel 
from left to right at different rates. If the frequency of the saw-tooth 
is increased to a high enough" value; the spot 11 -travel from left -to right 
at a high rat$. Due to the phosphorescence of the screen, instead of seeing 
a spot sweep across the screen, a horizontal line will be observed. 

Suppose it is desired to observe a sinusoidal voltage waveform on the 
oscilloscope face. This can be accomplished in the following manner. First 
we place S in position A so that £ time bag£ is provided. Next the sinusoidal 
signal to be observed is applied to the vertical amplifier. By doing so tl^e . 
electron beam will be deflected both horizontall and vertically. With these 
two waveforms applied simultaneously, graphical methods can be used to obtain 
the Waveform appearing on the screen. This procedure is illustrated in 
Figure A. 
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Resulting 
Waveform 
on ' 
C.R.T. 





Voltage applied to 
Vertical Amplifier 
(Waveform to be 
observed) 



Voltage applied to Horizontal 
Amplifier (provides time base) 



Time 



Graph method of determining resulting waveform 

Figure 4 



3. » 



The two amplifiers are required since in many cases, the voltage levels of 
some signals to be observed are so small that the electron beam will not be J 
deflected sufficiently. The amplifiers will amplify the signal to such a 
value that the electron beam can be deflected enough to be observed. In 
order to obtain correct data from the waveforms observed on the screen, it is * 
essential that the gains of both amplifiers be properly calibrated. The 
procedured is usually given in the instruction manual that comes with the 
oscilloscope. 

The power supply provides the d c voltages which theA circuits and 
the CRT require. In a - c analysis, it is sometimes required to determine ' 
the phase angle between two signals. This can be accomplished by switching 
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the position of the switch to position B . In doing so the time base 
generator is byp^ssd;. We are now allowed to apply a sigtial to the horizontal 
amplifier. Applying two a - c signals of the same frequency but of different 
phase angles results in a pattern, of the scope face. This is known as a 
Ussajous' figure. From this pattern, we can determine . the phase angle 
between the two signals. This is one of the many measurements which can< 

be iaode .yf^„!f*®. a * d . of an _ oscilloscope. ' 

■■.•%> 

Laboratory Operation Procedure : 

y 

1. Obtain a Fairchild 701 Instructional manual and become familiar with 
W~the oscilloscope and its controls. Make a list of each control and 
its function. - ^ 

Note that the control that is marked TIME/CM and VOLT /CM is the 
switch that was discussed earlier. When this control is in the 
TIME/CM position,, the switch is in position A. As can be aeexxj 
there are several frequencies to be selected from. When this control 
is on the VOLT/CM position, the time base generator is bypassed ^ 
(switch in position B) . There are two or three different gains 
which can be selected in this position. 

2. Calibrate and balance the horizontal and vertical amplifiers. 

3. Set up the oscilloscope so that two separate d«~ c potentials may 
t be applied directly to the vertical and horizontal plates. Center, 

the spot on the screen. Apply a d - c potential to the vertical 
plates and record voltage and deflection (CM). Plot voltage versus 
> Reflection. This should plot into a straight line since the deflection 
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sensitivity (volts/cm) is essentially a constant. Reverse the 

» * 
polarity and repeat the above procedure. 

Repeat step 3 for the horizontal plates. 

Calculate the deflection sensitivity for the horizontal and 
vertical plates; „. 

Apply an equal voltage . to 'both plates. Increase in steps thjs 
voltage and observe the path followed by the spot. 
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Preparation Teat; 



\ 

1. Name the three parts of the cathode ~ ray - tube and their function. 

2. Draw a block diagram of the basic oscilloscope. 

3. What is the function of a time base generator? 

4. Why must t/e amplifiers, be calibrated? 
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Phase 1 



Concludinft Discussion; 



This problem has served the purpose of introducing the oscilloscope. 
In following problems much use of the oscilloscope will be made. For 
example, in « - c work it will be used to make phase and frequency > 
measurements. The oscilloscope will also be used to obtain vacuum tube 
and transistor characteristic curves. For the present it is sufficient 
that the student understand the function <& each knob on the oscilloscope 
face . 
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PRINCIPAL PROBLEM 
NUMBER 3 
R .C TRANSIENTS 



if* 



/ 



Many electronic systems such as radar, television, and computers require 
circuits which change the form of an Incoming signal to some desired shape. 
A circuit which performs such a function is usually called a waveshaping 
circuit. Many of these circuits utilize RC, (resistive - capacitive), 
networks and RL, (resistive - inductive) networks. The purpose* of this problem 
is. to introduce some of the basic principles of- RC networks . — - 
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Phase 1 



Transient Analysis of RC Networks 



Facts and Principles to be learned in this problem,, 

1. Capacitor charging and discharging through a resistor* 

2. Voltage across a capacitor cannot change instantaneously, 

3. Characteristics of simple RC wavesh^ping circuits. 



Preliminary Discussion: 

y 

* 0 
One of the basic definitions of capacitance is; C s — ~- 

The above expression state^that the capacitance of a capacitor is equal to 
the ratio of the charge on the capacitor to the voltage across the tapacitor 
When analyzing RC networks , we must keep in 'mind that 'the change on a 
capacitor and therefore the voltage across a capacitor cannot change 
instantaneously. This is a fundamental but very important poinf to keep In 
mind. Most RC circuits can be reduced by Thevenin's Theorem to a simple 
series circuit consisting of a d - c source, a resistor and a capacitor. 
Let us consider the clrcuijt shown in Figure 3^. 

A 



P 



E 



R 




+ 

i- 



Vc 



Figure 1 - Series RC Circuit 
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At t * 0 switch S will be placed in position A. At t * 0, w© will assume 
that there is no charge qti the capacitor and therefore no voltage across 
the capacitor* After a sufficiently long time, the capacitor will charge 
to the battery voltage E f and current will cease to flow. 

Initially the voltage across the capacitor is zera and fcfcs final 
voltage is E. It can be determined by mathematical analysis, that the 

N *•* 

voltage waveform varies exponentially in the time that the capacitor is 

charging 4:o the 4>a ttery voltage * h^t us -look into this matter a li ttle 

closer. At t » 0 the switch is closed and the applied voltage is E. Now 
since the capacitfor voltage cannot change instantly from zero, the voltage 
across the resistor has to jump instantly to E volts in order for Kirchoff f s 
voltage law to hold. This is seen by writing Kirchoff's law 

s E « Vr + V C , , 

and initially (t « 0) , Vq * 0 
Therefore 

V R - E - 
Now since Vr * iR, * - 

*R ** E - . 

solving for i, 

4 ' E 

R 

*' * 

we see that at t ■ 0, the current jumps instantly to E/R amps. This initial 
current flow soon places a small charge on the capacitor. Since v m 

C 

a small voltage will appear across the capacitor. This small voltage is 
in opposition to the battery voltage, therefore the current must decrease 
and the capacitor will charge more slowly. This process continues until the 
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capacitor becomes fully charged and the voltage acls^ss It equals the battery 
voltage. At tills time the voltage across th.® resistor is aero since no 
current f low*T in the circuit*. The diagrams below illustrate the manner in 
which the current, the voltage across the resistor and the voltage across 
the capacitor vary with time. 



E 



E 



/ 




vc 




T » 0 



f * 0 
Figure 2 




T - 0 



Note that at every instant that Kirchoffs' voltage law must hold. Therefore . 
at every instant the voltage drop across the resistor plu3 the voltage drop 
across the capacitor have to equal the batt/a^y voltage JE. 

The capacitor charges to the battery voltage E and the time it takes 
to get there depends on the resistor and capacitor sizes. We will now 
introduce the concept of a time constant (t) . fV a simple series RC circuit/* 
the time constant is equal to" the product of R and C. ' 

One time constant is equal to the time required to charge a capacitor - 
to 63 per cent of its final voltage or for a capacitor to discharge to 
37 per cent of Its final voltage. In general we can assume tha£ * the charging 
or discharging, whichever is the case, is completed after five time K 
constants, (5t). ' » 

« 

Now suppose that the switch has been held in position ^, a sufficient 
time (t > 5t) so that the capacitor has been charged to^the battery voltage 
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E. At t ■ X.\ the switch is placed in position B thus placing a direct short 
across the charged RC network-. Since the .voltage across the capacitor cannot 
change instantly, then any sudden change in voltage must appear across the 
resistor. Writing Kir»choff' s voltage law at t « tl yields 

0 m V R 4 Vq « V R + E 

Therefore 

* Vr « -E. 

Thus we see .that the voltage-drop across -the tresis tor Hoiust-suddenly drop -to — 
-E volts. This means therefore that since Vr « 1r, that the current must 
instantaneously drop to ? -E/R. The capacitor voltage will then start to 
decay exponentially to zero as will the voltage drop across the resistor, 

» 

V R* and the current i. This is illustrated in Figured. Note that the 
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time/constant for this circuit is also equal to, t - RC. Therefore these 
exponentials decay to zero at the same rate as when the capacitor was 
charging. 
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T «■ RC 



-E/ R 

Figure 3 

We will now give without proof, the equations for the buildup of a voltage 
across a capacitor with tero initial charge; 

V C * E U - e ~ t/RC ) . a) 
.where V C is the capacitor voltage at any time t. The voltage decay across 
the resistor is given by, 
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t/RC 



(2) 



where V R is the voltage drop across the resistor at any time t. 

Thus, for a given RC network, we can determine and Vc at a given time 

/ 

by substituting into equations 1 and 2. 

r 

Instead of substituting into equations (1) and (2), we can develop two 
/miversal curves which can be used for any circuit. Dealing with equation 
(1), we fKjrst normalize the equation by dividing both sides by E. 



VC 

HE- - 



1 - e 



t/RC 



11 A) 



now letting x « ~r , we can write the above expression as 



vc 

E 



a , I - e 



(IB) 



Similarly dealing with, equation (2) , 



VR 3* 
E 



(2A) 



From math tables we can plot equations (IB) and (2A) for different values 

of x. These two plots result in universal ♦exponential 7 curves , shown in 

\ 

Figure 4. Note that these curves can also bemused to determine exponentially 
decaying or rising currents also. ' 



0.5 meg 

c> AAAr 



> ■ 



50 



=T= 1 Uf 



Figure 5 - Simple RC Circuit 
As an example, let us consider the simple RC of Figure 5. Assume Vc w 0 
initially. Suppose it is desired to determine the voltage across the residtor 
and capacitor 1 &ec. after the switch is closed. 
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• First we know that the capacitor voltage will start from zero and rls 
exponentially to 50v. The resistor voltage will start at +50 v and decay 

.* 

exponentially to zero volts. 
Solving for x, 

t 1 sec 1 



x 



» 2 



R.C (TTIJ 106) (1 x lo-Sy 88 \ 5 _ 
Ftom curve A, w£ find that at x • 2 the capacitor voltage has risen to 86% 
of its final v^lue. 

Therefor/ at x *» 0.5 sec M . 

Vc ,86 (50) - 43 voltti.' 
From curve B, the resistor voltage Is down to 14% of its ma^imu^i value or, 

V R - .14 (50) - 7 volts. ,-. 
Note that at this instant that Kirchoff's voltage law holds . 

... ( 1 



Vc + Vr - 50 



♦ 



Laboratory Operation Procedure : 



1. Connect the ^circuit shotfh in the figure below. 



100 Hz 
Symmetrical 
Sq Wave 
4v p T p 



/ 




47K < 



0.015yf 



Vr • 
Y \ 



-V 



2. Obtain and sketch Vr and V(j. 

3. - Determine the t^rae constant from • the exponential rlfefc and decay/ 

\ - » & 

4. Compare this witk the value obtained by multiplying R and C» 
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Transient Analysis of RC Networks 



£l^Ma£lfin Test: 

1. For the circuit shown, determine V 0 75 Msec after the switch 
is closed. 
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Problem No. 1. 
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I .2. For the circuit- below, determine" the capacitor voltage 20 
after the switch has been closed. 
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Homewo rk Exercise : 

1. By graphical and analytical methods, determine the voltage, 
V 0 , for each of the following circuits, at 100 usee, after S 
is closed. 



(A), 



> 



'> 30K 



> 15K 
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200v 



vo 
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(B) 
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Concluding Pis cuss font 



Since resistors and capacitors can be manufactured to precise tolerances 
it is possible to make precis ion, timing networks from the combination of a 
resistor and capacitor. The precision" of the time interval is of tet' not 

limlted by the resistor or capacitor but by the precision oi the*network - - 

which reads the timing voltage. We shall see later that the'Cirae constant 
is the natural frequency of the circuit. If the capacitor is charged to a 
test voltage level, then connected to a resistance network, the capacitor 
will discharge at some natural frequency. If the resistance ~ capacitance 
network is part of a voltage amplifier, the reciprocal of the time constant 
may determine the frequency abov^ which the voltage g*in is below 0.707 
times the mid frequency gain. In short the time you spend in understanding 
time constants is a necessary step toward understanding the frequency 
dependence of many types of circuits. 
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